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ABSTRACT . s 

The Simulation Option Model (SOM) vas developed as 
part of the Centre for Educational Besearch and Innovation vork on 
educational planning. Its tvo main purposes are to be an analytical 
tool for the project on Educational Grovth and Educational 
Opportunity and to be a direct contribution to member countries* ovn 
vork in these areas. The model includes predictions about future 
numbers of students in various parts of the system and outflow from 
the educational system; future resource requirements, both physical 
and monetary; future supplies of teachers in various categories; and 
future relationships betveen teacher supply and teacher requirements. 
The paper provides a brief overview of the model's submodels— flov# 
resource, teacher supply, and teacher comparison- — and of an 
application study. Appendixes provide more detailed information, 
including flow charts. (Author/IET) 
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S,0,M, - A SIMULATIOM MODEL OF THE EDUCATIONAL SYSTEM 



- Introduction - 



1. The Centre's activity on Educational Growth and Educational 
Opportunity is composed of three inter-related projects: (i) alter- 
native strategies now available, or feasible in the future, for 
maximising the' performance of educational systems in terms of 
equality of opportunity; (ii) strategic decision-making problems; 
and (iii) alternative educational futures, 

2. The Centre iSj, therefore, interested in examining the place 
and the weight of educational planning in the total decision-making 
structure in order to see whether a closer integration is feasible. 
Given the nature of the present activity, the central focus remains, 
of course, decision-making problems related to alternative strategies 
for equality of opportunity, 

3* One aspect of this work is inevitably concerned v/ith educa- 

tional planning techniques. Here attention will be focused on 
educational planning problems with, for example, important budgetary 
consequences and on the investigation to what extent systematic 
qualitative and quantitative analysis can improve the decision-making 
basis. It is in this context that the attached simulation model, 
SOM (simulation option model) has been prepared. This model has 
been specially designed so as., to be able to deal with different 
transition coefficients for different social groups and with a wide 
range of different structures of the educational system. In 
principle, the model estimates future student stocks, the outflow 
from the various levels, as well as real and monetary resources 
requirements. It can, therefore, be of real use in a first explora- 
tion of the consequences and implications of alternative educational 
strategies , 
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n Th^ model oartly originated from the work on the 

oreoaration and evaluation of the O.E.C.D. Meeting on 
^'Budgetinj^, Programme Analysis and Cost-F.f f ectiveness in 
Educational Planning", in- -April, 1968 under the Programme 
of the Committee for Scientific and Technical Personnel. 
It v/a.s apparent from the papers presented at this Meetim^ 
that the introduction of programme budgeting for long-range 
planning purposes could^be facilitated by the use of 
programme-oriented cost models. 

5. The main purpose of SOM is twofold: 

(i) it will be an analytical tool for the 
CERI pro.iect on Educational Growth and 
P:ducational Opportunity as specified 
above; 

(ii) it can alsc be seen as a direct contribu- 
tion to Member countries in their own 
worko Perhaps, after some adjustments, 
it can either' be directly applied by them 
or provide some general information about 
data needs for various educational planning 
problems and about the virtues and draw- 
backs of these kind of models • 

6. The attached paper contains only Part I of the project. 
Fart II, which presents a technical description of the 
computer programmes, is available in limited numbers upon 
request . 

7 The SOM project was carried out by Dr. Brita Schwartz 

in collaboration with Mr. Marc Nuiziere and Mr. Tor Kobberstad. 
^'ir. Michel Martin contributed to the computer programme and 
to'the connection of subprogrammes into a system. Mr. Stephen 
Centner and Mr. Ron McDougall took part in the earlier stages 
of the work. 



See the O.E.C.D. publication under the same. name, 
Paris, 1968, p. 5. 
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SON - A Simulation Model, of the 



Educational System 



PREFACE 



The simulation model SOM (Simulation Option Model) 
is meant as a tool for conditional predictions of the 
development of the educational system. Part I of this 
report presents a general description of the project. 
Part II is' a technical description of 'the computer ^ 
[grammes for the users of these programmes. 
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PART I 

SOM - The Simulation Option Model 



_1, Introduction 

The simulation model SOM (Simulation Option Model) is 
meant as- a tool for conditional predictions of the develop- 
ment of the educational system. It includes predictions 
about: - •■ 



(a) future numbers of students in various parts 

of the system and outflow from the educational 
system; 

(b) future resource requirements, both physical 
requirements (such as various categories of 

teachers and school-building^ resources ) , and 

corresponding monetary requirements; 

(c) future supply of teachers for various categories 
of teachers; 

(d) future relationships between teacher supply and 
teacher requirements. 

Before we enter into the description of the model, we 
will make some general v^omments on the model concept and the 
role of models in analyses of educational planning problems. 

The model concept 

A mode] is usually defined as a theoretical description of 
certain aspects of" a real life process or system. The choice 
of characteristics taken into account, as well as the degree of 
accuracy aimed at depend, of course, on the types of problems 
for which the model has been designed. 

We can take as an example a model describing the flow of 
pupils and students through the educational system. Such a 
model defines the relationships between the present stock in 
various grades or levels or branches i future inflow of new 
enrolments into the system, transition coefficients and future 
stock3 and outflows from the system. The transition coefficients 
may here be estimates based on present trends or any kind of 
assumed values, the consequences of which one wants to examine. 
Some examples of this type of model are presented in Part II of 
reference see for instance the article by Armitage-Smith. 

The characteristics cf the educational system that a- flow model 
takes into account are student flows and student numbers, while 



/i/ Mathematical Models in Educational Planning, OoE.C.D., 
Paris, 1967* 
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other characterlskics, such as resource requirements, curricula, 
etc. are omittedo Such other characteristics can be left out 
when one wants only to examine the relationship between transitipn 
coefficients and future stocks and outflows from the system. 

Depending on their structure and on the features emphasised, 
models can be classified along a number of different lines. One . 
may, for instance, distinguish between analytical and simulation 
models, stockastic and deterministic models, manual and computer- . 
is'ed models, descriptive and forecasting models, etc. They may 
also be divided: 

(a) according to the process , or syi;tem they embrace. 

Sducational models are descriptions of internal 

relationships within the educational system, 
economic-educational models are descriptions of . 
the relationship between the development of the 
economy and the educational system. Models 
including relationships concerning, a specific 
educational branch, school or institution may be 
termed institutional models; 

(b> according to the specific characteristics of the 
process they emphasise; hence the origin of such 
terms as student flow model, resource implication 
model, cost model, cost-effectiveness model, 
economic development model, etc.; 

(c) according to the level of " disaggregation or the 

decision-making level they concern (macro or micro .. 

models, national or regional models, etc.). 

SOM is an example of an educational model. It contains several 

■ subTnbdeTs, for instance a flow submodel and a- resource Implication - 

submodel. An example of an institutional model is the university 
resource implication model CAMPUS, presented by R. Judy et al in 
reference /g/. Economic-educational models are of potential 
interest when the satisfaction of manpower requirements is con- - 
sidered an important educational objective. Some examples of sucg 
models are those developed by Tinbergen /V, Adelman /47, Bowles Z5y^ 
and B-nard /I/. Because of the aggregate description of the educa- 
tional system and the significance of other educational objectives 
than the satisfaction of manpower requirements, results from the 
application of economic-educational models have to be supplemented 
with further analyses of the educational system before information 
of direct relevance to the educational decision-maker can be obtalnea 



/i7 Mathematical Models in Educational Planning , OECD, Paris, 196?. 
/27 Budp;etin^, Proprramme Analysis and Cost-Effectiven ess in 

Educational Planni ng, OECD, Paris, 19^^* ^ 
/27 Econometric Models of Education , OECD, Paris, 19^5 ^ 

A7 "A linear programming model of educational- planning" by 

I. Adelman in " The Theory and Design of Economic Development 
ed. by Adelman and Thorbecke. . ; 

/57 "The efficient allocation of resources in education", by 

S. Bowles in the Quarterly Journal of Economics , May, 19o7. 

■ ^^ 8 
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The role oT mathematical models 

Somewhat more complex mathematical models usually take a 
long time to develop. This effort is, of course, wasted if 
they require input data which are neither available at present 
nor likely to be so in the future. This does not mean that 
models have to be based exactly on presently available statis- 
tics. An advantage of the development and use of models may, 
in fact, be that they give a deeper insight in what data are 
the most important ones for obtaining information relevant to 
educational planning problems. Priorities in the statistical 
data collecting work can thus be established. 

It is unrea-listic to believe that a model can be made so 
general and at the same time so detailed that it can produce all 
quantitative information .needed by educational planners. , A 
combination of different methods, models and approaches v/ill 
always be needed. An important phase in the use of the model 
must, therefore, be the evaluation of the results, consideration 
taken to uncertainties in input data and the simplifying assump- 
tions on which the model is based. If these assumptions are 

■ "insufficiently known by the' user or if the results are- not criti-- 

cally examined, the use of models may do more harm than good. 

An advantage of models, computerised models in particular, 
is that they make it possible to examine many alternatives and to 
test the sensitivity of the results to uncertainties in input data. 

The development of SOM was preceded by a study of the educa- 
tional planning problems in Member countries as presented .in the . . 
O.E.C.D. country reports and an evaluation of the extent to which 
this type of model could contribute to the provision of informa- 
tion of importance for these T^oblems . There seemed to be a 
general need for tools Tor studying the long-term aspects of 
resource requirements and teacher supply and demand problems, 
specifically if such tools could facilitate the investigation of 
many different alternatives and analyse the sensitivity of the 
result to the uncertainties in data. These findings were the 
general guide-lines for the construction of SOM. 

The main features of SOM are outlined below. As an illustra- 
tion, an application study is presented in paragraph 7 and in 
Annex 5. Details concerning each of the submodels are given in 
appendices. A technical description of the computer programme 
is presented as Part II of this report. 

2. Description of SOM 

SOM is a time-step simulation model which simulates the flow 
through .the educational system and forecasts during a future period 
of time, say 10-20 years, educational output and teacher supply 
as well as educational resource requirements, i.e. teacher demand, 
building space requirements and educational expenditures. The 
estimates are made for each year of a future period of time, that 
is the basic time-step unit is one year. 



9 



- 8 - 



^ ■ ■ ■ 

In various countries* a number of modelG for the same type 
of estimates have been developed, for instance flow models for 
predictions of future number of students (reference /YJ p. 6). 
Some resource or cost models are described in reference /2/ p. 6. 
(See, for instance, the articles by K. HUfner & E. Schmitz and 
R. Judy et al, respectively.) U 

The SOM project can be seen as an effort to intGp;rate these 
earlier model developments into one model system . Special 
emphasis has been laid on flexibility in order to make the same 
model fit the educational systems of different countries-, but 
also to enable the users in each specific country: 

(l) to apply it to studies involving chcinges in 
the structure of the educational system; 

(ii) to vary the level of disaggregation in accordance 
with the requirements of the problem under study; 

(iii) to exclude part of the model when not needed, so 
as to reduce the amount of input data required. 

The desired flexibility has been obtained by making the model , 
in the form of a computerised simulation model and designing it in 
a way which takes advantage of recent developments as to the use 
of computers. The fact that the model has been programmed for a, 
computer facilitates investigations of many alternatives. One 
can, for instance, study the influence that variations of uncertain 
input data and various policy variables may have on- the output 
(sensitivity analysis ). 

The SOM is "neutral" with regard to priorities between educa- 
tional objectives, since it merely simulates the development of 

the system on ' the basis of" var i o u s as s um p t i oh s or ' e's 1 1 mates of , .•^■'.^ 
such factors as transition coefficients; demographic developments, . . 
restricted entry or other resource restrictions, relationships 
between physical and financial resources, etc. It can thus be 
seen as a kind of "what-if" model, in which the effects of con- 
■sidered changes are ' traced" . through the educational system, j^^^^ ■-• 
is, for instance, designed so as to be able to answer such 
questions as: "What consequences concerning the educational out- . 
flow and educational resource requirements will we get if this 
transition coefficient increases over time in this way, or if 
class size is changed so and so much?" It follows from the ■ 
comments above that SOM transforms basic statistical data to 
information of somewhat more direct interest to the decision-maker . : ■ 
when the satisfaction of social demand is an objective of interest. , 
In principle, SOM can be considered as a "forward running" model as -' 
it is based on the present state of the educational system and 
provides . conditional forecasts of its future development:, When the 
satisfaction of manpower requirements is of. interest, studies are 
needed for the estimate of such future requirements and their 
implications for the educational system. This requires a kind of ;; 
"backward running" approach which starts with future t.arget values 
and traces the consequences of these back to the present state* . 
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ThiK backwar»d running approach must normally be combined with a 
forward running approach if one wants to examine implementation 
possibilities, and evaluate different strategies in more detail. 
This is specifically the case when a compromise between different 
educational objectives is sought. 

The construction of the model is based on the following 
general assumptions about the structure of the educational system 
and the pupil flow through it: 

(1) The educational system is assumed to consist of a 
number of educational "boxes" or "units". A unit is a 
form or grade consisting of a number of classes; 
resource requirements and transition coefficients are 
specific for each unit. Different branches can be 
distinguished between by giving their grades different 
sets of numbers (cf. diagram 1). A distinction' 
between branches is not needed , in aggregated studies, 
but is necessary when * separate estimates are needed 

for the future stocks, or resource requirements of 
each branch. 

(2) The educational system may be divided into a number of 
levels in such a way that the pupils enter the first 
level of the system and then successively proceed to 

■■\ higher levels • 

(3) Each year there are the following possibilities for 
the flow of pupils: 



a) repetition of the same unit; 

b) drop-out without an examination; 
c ) . ...leaving school, with an examination; 

d) continuation to another educational "unit" 
which may be the. next grade or branch. 

(4) Certain educational units may have restricted entry. 

This restriction is expressed in the number of places 

available ■ each year. 

An example of p. description of a school system by educational 
units is outlined in diagram 1. The shaded areas are units with 
restricted entry.' Arrows illustrate pupil flows. Prom each unit 
there may be a flow to any of the other units. The transition 
coefficient from unit I to unit J is defined as the ratio of pupils 
who move from unit I to unit J. This coefficient may vary over 
time. The model provides for a disaggregation of the pupils in 
different groups, for instance, according to socio-economic back- 
ground and sex. The pupils are assumed to remain in the same group 
during the time they stay in the educational system. The groups 
are distinguished by different sets of transition coef f icients o 
The number of pupil groups is a parameter, allowed to vary between 
1 and an upper limit. (This limit has been chosen equal to K in 
the present computer programme.) As summary results are calculated 
for each level, it is most convenient to define the different levels 
in a way corresponding to the organisation of the educational system, 
for instance: Level 1 may be Primary School, Level 2 Secondary 
School, etc. Other ways of defining levels can also be used. 



11 



- 11 - 



For technical reasons the system has to be divided up into 
levels if one wants to disaggregate it into more than "N" educa- 
tional xmits. (N = 40 in the present computer programme, which 
has been designed to fit a medium size computer - IBM 560/50). 
Larger "N" values may be used if a larger computer is available 
or if only- part of the model is used. The division into levels 
should then be made so that no level consists of more than "N" 
units. The units in one level from which there is a flow to a 
higher level are given two numbers: the highest iznit numbers of 
the lower level, and the lowest numbers of the higher level 
(cf* diagram l). 

son consists of four submodels each of which will be des- 
cribed separately below: 

1) Flow submodel 

2) Resource submodel 

5) Teacher Supply submodel 

4) Teacher Comparison submodel 

3* Flow Submodel 

The Flow submodel calculates from year to year the student 
stock in the educational system and the outflow from it (drop-outs 
and school leavers with exams). The calculations are based on the 
existing stock in each grade, transition coefficients and the 
number of available places in case of restricted entry. The model 
is different from earlier models forecasting student numbers in the 
following respects: 

(i) the way restricted entry is taken into account; 

(ii) the lack of restrictions on how the transition 
coefficients vary over time. Earlier flow models 
usually assumed that they remain constant over time; 

(iii) the high degree of disaggregation which is possible 
even if a small computer is used (about 200 units for 
550/50. This high disaggregation has been obtained 
by the division of the system by levels). As a unit 
corresponds to one school year in a branch it is thus 
possible to distinguish between a number of different 
branches if one wants to. The degree of disaggregation 
is optional, i.e. it can be chosen each time the model 
is used; 

(iv) the pupils may be divided according to sex and socio- 
economic, background. To use this possibility, stock 
data and transition coefficients must, of course, be 
known separately for each group. 

The Flow submodel is based on the following categories of 
input data: 

(i) Demographic and school entry data; 

(ii) Student stock in the "base" year (year 0). The years 
are counted as school years or academic years, i.e. 
in most countries they start and end in the middle 
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of the calendar year. 

(iii) Transition coefficients for each iinit (and pupil 
or student ^roup). These coefficients may change 
oyer time iii a non-linear way. If the change is 
linear over a certain time interval only the co- 
efficients corresponding to the ends of the in- 
terval are read as input. The prograirme then 
calculates the internal values by linear inter- 
polation, 

(i\0 Restricted entry data. For each level input in- 
formation is needed about which units are restric- 
ted and about the niomber of places supplied in 
each of them. 

The calculations carried out in the Flow submodel " for each 
year of the simulated time interval are described below: 

A. New Enrolments 

The number of new enrolments from outside the educational 
system is calculated from demographic forecasts and school entry 
data. The demographic data are expressed as the estimated number 
of children of school entry age for each simulation year. If the 
school entry age covers several age groups, this can also be taken 
into account. 

We have assumed that there are only new enrolments into 
Level 1. In practice, it may, of course, also happen that levels 
other than the first one receive new enrolments from outside the 
educational system. These consist either of immigrants or students 
who restart their studies after having left the educational system 
a year or more earlier. This can be taken into account in the 
model by the use of fictitious units , that is, units without any 
resource requirements, but associated with stocks and transition 
coefficients. 

B. The Outflow from the System 

We distinguish between two categories of outflows, namely: 

(i) "school-leavers", who leave the school system with 
an "exam", that is, after having successfully com- 
pleted the unit to which they belonged; 

(ii) "drop-outs", who leave school during the school year 
or at the end of it without having an "exam" or with- 
out having acceptably completed the unit. 

The number of school-leavers and drop-outs from each unit 
is directly obtained by multiplying the stock by the corresponding 
transition coefficients. However, the number of school-leavers 
thus calculated may differ from the real value in the case of 
restricted entry. If there is a flow of pupils from a unit J 
to one or more restricted units but to no "open" units the number 
of school-leavers from J may change after the allocation of the 
restricted places. This change is calculated in the restricted 
entry sectior. of the model. 
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C. llevj Stock 

In general, the nev; stock in year T in a unit is obtained 
as the sum of the number of repeaters and the flows from other 
units. However, in the case of restricted entry this sum may 
differ from the number of available places. In this , case the pre- 
liminary stock value is corrected and the pupils are "redistribu- 
ted" according to the principles outlined below. 

D. Redistribution in case of Restricted Entry 

Restriction of the supply of places usually affects the 
flow through the system in a complex way, as there is interaction 
between many different factors such as: 

(i) admission principles; 

(ii) distribution of pupils* priorities and quali- 
fications, and interrelationships between these 
factors; 

(iii) supply of places in the restricted -units; 

(iv) number of pupils in the "source" units, i.e. 
the units from which there is a flow to 
restricted units. 

Information on (i) and (ii) is, however, usually incomplete and 
not available in a foiro applicable for prediction purposes. The 
simulation method we have chosen assumes infonnation to be 
available about the "observed" transition coefficients for a 
previous year. These coefficients do not give any direct infor- 
mation about the real demand for places, but are a combined result 
of the present relationships between admission principles and 
pupils' qualifications, and between supply and demand. 

The following assumptions have been made' 

(a) The r>upply of places in the restricted units is 
so small in comparison with the demand by those 
eligible that the places will always be filled. 
(If this is not the case we cease to call them 
restricted units). 

(b) If the flow from a source unit J only goes to 
restricted units those who are not accepted are 
assumed to leave school. 

(c) Those who are not allowed into any restricted 
units choose an "open" unit if there is a flow 
from the source unit to an open unit. 

(d) If there is a flow from unit J to several ""open" 
units, those who are not admitted to restricted 
units are distributed between the open units in 
proportion to the original transition coefficients. 

(e) The allocation of the restricted places between 
students from competing units is proportional to 
the original flow. 
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BLOCK DIAGRAM FOR THE FLOV SUBMODEL 



Calculate repeaters, dropouts and school- 
leavers for each unit for the end of the 
previous year 



The stock in the units also belonging to 
the previous level is put equal to the 
already calculated stock in the corres- 
ponding units in the previous level 



Calculate new stocks assuming there are no 
restricted units. The stock is- obtained 
for each unit as the sum of the flows from 
other units, repeaters, and for the first 
level, new enrolments 



No 

restricted 
units 



If no restricted units, print out results 
and repeat the procedure for next level. 
Otherwise proceed as outlined below for 
each restricted unit 



C;\^6ulate the flow connection factor by 
vO-;ch the flow has to be increased 
decreased to fill the available places 
exactly. Correct preliminary stock values. 
Proceed as follows for each source unit J 



Calculate the number N of pupils to be 
redistributed from J 



If there is a flow from J to open units, add 
to each of them the ratio of N that corres- 
ponds to the transition coefficients to them 
from J. If no flow from J to open units add 
N to the school leavers from J 



Repeat the procedure for next source unit 
if any . 



Repeat the procedure for next restricted 
unit if any 



Print out results for the level and proceed 
to next level 
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The block diagram for the Flow submodel presents a survey 
of the organisation of the calculations. The operations are 
carried through for each Level L and each simulation year. 

A more detailed description of the calculations, input 
data and calculated quantities appears in Appendix 1. 

4, Resource submodel 

The resource submodel is essentially supplementary to the 
running of the model, i.e. SOM can be used excluding the resource 
submodel. The resource submodel accepts as inputs pupil stocks, 
school curricula and information on resource utilisation. It 
calculates resource requirements and current expenditures for each 
educational unit and for each level. Required investments and 
corresponding capital costs are calculated for certain groups or 
blocks of units within each level, (i.e. for certain blocks of 
units which can be assumed to share resources), and for each level. 

The model organises data and looks at the systemr^in a 
different way from the traditional accoiinting model; costs are 
"built up" rather than broken down yearly from total cost . figures'. 
Cost calculations are based on calculated physical resource re- 
quirements for each unit or block of units and added up according 
to a number of different categories, for instance for each educa- 
tional activity (subject or group of subjects) and for different 
parts of the school system. The model can thus be made to produce 
a programme budget where a number of alternative definitions of 
programmes may be used. 

The resource calculations are based on the total pupil 
stock in each unit. This stock is calculated in the Flow submodel 
for each year. The model distinguishes between two types of 
resources. The direct resource requirements are those directly 
generated by the teaching fiinction; they consist of teachers, 
class-rooms and special rooms, and various types of equipment. 
The indirect resource requirements are those caused by various 
auxiliary functions, such as administration, medical and social 
services, libraries, scholarships, and subsidies paid out to 
students or pupils. 

To continue the description of the Resource submodel v;e 
first need to introduce some concepts and classification principles. 

Activity 

Each educational unit is assumed to have a certain curricu- 
lum consisting of one or more. "activities" . An activity can be a 
subject, a group of subjects or the entire curriculum, depending 
on the aggregation wanted. The length of an activity is defined 
as the average number of weekly hours during the school year. The 
activities are classified by code numbers. 

In primary school the different subjects usually cause the 
same resource load per hour taught, as the same type of teacher 
and class --room is used. 
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It may thus be unnecessary to deal with the different sub- 
jects separately. In this case all the subjects can be considered 
ar, one activity and the length of this activity equals the total 
n\amber of weekly hours. 

One may want to vary the level of aggregation to simulate 
higher grades in more detail. In this case activity 1 could be 
defined as all subjects in primary school; activities 2, 5, 
could be science, languages, arts, etc. in lower secondary school, 
and new activity n\ambers could be used for upper secondary school, 
a different number for each subject, f c 7 instance. 

The 'programme calculates total current costs for the level 
for each activity. For example, if one wants to know the cost of 
language education in secondary school this can be obtained by 
giving the same code n\amber to all corresponding subjects. 

Class size 

We ass\ame that the pupils normally are kept together in 
classes and that there is a given average class size which may 
vary between units. The class size is regulated m many countries 
by the government. The regulations may be m the form of upper 
and/or lower limits, and may depend on the size of the school. 
The eff eclB of such regulations are usually studied and the average 
class size is calculated. This average c lass size is an input to 
-he model given as a function of the \mit nvunber. 

However, in some cases, the class is divided into tv/o or 
more parts (labs), or two or more classes have some "activity 
together (physical education, for instance). There may also be 
non-compulsory activities for which the class size depends both 
on the proportion of the class taking this activity and on the 
extent to which pupils from different classes are taught together. 
V/hen such special class sizes have to be taken into account for 
the problem studied, they are used as input to the model _;j.or each 
unit and activity for which they differ from the class size normal 
for the \mit. 

Teacher categories 

The Resource submodel calculates the required n\amber of 
teachers of different categories. Any kind of classification - 
principles of interest for teacher demand calculations can be 
used The categories in the Teacher Supply submodel are, however, 
chosen with regard to the background of the teachers and preferably 
so that data concerning the present stock of teachers are available 
for each category. Comparisons between supply and demand are 
therefore facilitated if the same classification principles are 
used in the Resource submodel as in the Teacher Supply submodel. 
If different definitions are used in the two submodels, certain 
"translation" data giving the relationship between the categories 
have to be read in if the Teacher Comparison submodel is used. 
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The Resource submodel calculates the teacher demand on 
the basis oT inforniation concerning the intended use of teachers, 
that is, for each unit and activity, information about the 
category of teacher needed and corresponding teaching obligations 
and salary. The salary may vary between different teachers be- 
longing to the same category, if the variation is caused by a 
difference in subject or unit taught, or a difference^ in teaching 
obligations! If the difference in salary is due to a difference 
in teacher experience, the average salary can be used as input. 

Space and Equipment 

Space requirements directly connected to the curriculae 
consist of class-rooms, gymnasiums, labs., etc. For these direct 
space requirements code numbers are so defined that equal code 
numbers imply equal costs per unit of area and equal number of 
hours of average v/eekly utilisation. Furthermore, it is assumed 
that joint use can be made of space of the same type within one 
level or within various groups or blocks of units within one level 
This assumption is the basis for the calculations of investments. 
The required investment for one specific year is calculated by 
comparing the total requirements of space type X for one level 
(or for blocks of units) with a "comparison stock", (for instance, 
the stock required the previous year or the existing stock) and 
the increase, if any, is counted as required investment. 

The choice of the previous year's requirements as compari- 
son stock has, however, a disadvantage. It may happen that 
resource requirements after an increase may start decreasing 
again. In this case one may not want to invest to meet the re- 
quirements entirely the peak year but instead seek some temporary 
solution. To calculate the yearly investment requirements as the 
difference betv:een the resource requirements of two consecutive 
years may thus be misleading. The model calculates instead the 
investment requirements for year T as the increase in the resource 
requirements from the base year (= the starting year of the 
simulation) to year T. It would have been preferable to have the 
actual existing stock in the base year as comparison stock, but 
such stock data seem rarely to be available. If there is an im- 
balance the base year the investment calculations of the model 
have to.be adjusted for the existing shortage or surplus. 

As examples of Equipment needed directly for the teaching 
fianction, teaching aids and school books may be mentioned. 
Equipment with a comparatively short life-time (school books) is 
usually counted as current costs while others (TV sets) may be 
paid out of the capital budget. For the first typei of "non- 
durable" equipment we do not define type or code numbers, but use 
annual, cost per student as input data. This cost may vary between 
units and activities. "Durable" equipment is described by code 
numbers unique for each level. These are treated analagously with 
direct space requirements, i.e. (1) joint use can be made of them, 
(2) they are characterised by a certain average weekly utilisation 
time, and (5) a yearly current cost for maintenance per item as 
well as the investment cost per item are input data. 
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BLOCK DIAGRAM FOR DIRECT RESOURCES 



CALCULATIONS : OUTPRINTS : 



For each unit and activity: 

Number of class hours (= 
number of pupils/Class-size) 

Required number of teachers 
and their salaries 

Space requirement and corres- 
ponding current cost 

Equipment requirements and 
corresponding current cost 



EKLC 



For each unit: 

Number of teachers, area and 
current cost 

Pupils/teacher 
Cost/pupil 



Required investments in space 
and equipment for each block 
and for the level 



Capital costs for each block 
and resource type and SLimmary 
results for each resource type, 
each block, and for, the level 



Continuation to the calculation 
of ind ir e c t res bur c e s ~ 



A table for each unit giving 
resource requirements for each 
activity and summary results 
for the unit 



A table giving for each unit: 
required number of teachers, 
required space -and current cost 
pupil/teachers and cost/pupil 
ratios 



z 



Space „and equipment requirements 
by type and unit - 



Teacher requirements by type ^ 
(summary results for all levels) 



Current costs for each activity 



Resource requirements and 
investment requirements by 
level and by blocks 



Capital costs per block and 
type and tota^ls 
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Calculations 

In principle, the following types of calculations are per- 
formed in the Resource submodel for each level and each simulation 
year. 

Direct Resources 

(i) Physical requirements (teachers, space, equip- 
ment) and investments (space, equipment) • 

(ii) Teacher salaries. 

(iii) Current costs . 

(iv) Capital costs. 

Indirect Resources 

(i) Physical resource requirements and investments. 

(ii) Current costs. 

(iii) Capital costs. 

Total direct and indirect area requirements and costs are also 
calculated. ' 

The computer programme has been so designed that any of the 
calculations listed above can be excluded when not needed for the 
problem under consideration. 

The block diagram on page-IS for the; direct resource part 
of the Resource submodel outlines the organisation of the calcu- 
lations and illustrates what types of outprint can be obtained. 

A detailed description of the Resource submodel is pre- 
sented in Appendix 2. 

3» Teacher Supply Submodel 

Similarly to the Resource Submodel described above, the 
Teacher Supply submodel is optional in the computation' sequence 
performed by SDK. 

The Teacher Supply submodel calculates for each year of the 
simulation period the supply of teachers of various categories. 
These categories correspond primarily to the teacher's educational 
background, i.e. to his competence for teaching in certain grades 
and subjects. 

The calculations are based on the stock of teachers the 
previous year and changes in this stock due to: 

(a) Retirements 

(b) Death 

(c) Inflow into the teaching profession of graduates 
from teaching colleges or"^ other parts of the edu- 
cational system 
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Inflov; from or outflow to other "occupations" 

(e) Immifcration or Emigration 

In addition to the flow categories given above, adjust- 

ments can be made for internal changes in the teacher stock due 

to additional qualifications acquired by certain teachers^ 

In the Teacher Supply submodel, feasibilities for sensi- 
tivity analysis have been built in. This means that, in the 
same run of the model, the teacher supply can be determined for 
a number of different values of certain policy variables or 
parameters. 

The calculations performed in the Teacher Supply submodel . 

are based on certain assumptions as to the data availability and 

the structure of the different in- and out-flows of the teacher 

stock. • These assumptions will be listed belov;. 

Data Availability 

For the calculation of both deaths and retirements, know- 
ledge of the a[re distribution of the teacher stock is necessary. 
The ideal information should be the knovfledge of this age dis- 
tribution for each category. But even if these distributions are' 
known for the base year of the simulation period, they are very 
difficult to update for the following years as this would require 
loiowledge about age distribution for all the in and out flows. 
Consequently, v/e assume two alternatives for the information 
available about the age distribution for the base year: 

- the distribution can te estimated for each category 
separately; 

- the distribution can only be estimated for the total 
teacher stock. The model assumes in this case that 
the same distribution is valid for each categ02?y. 

Information may either be available for each year of age or . 

only for various age intervals. In both cases we assume that the 

data are aggregated according to conveniently chosen age intervals 
before being read in. 

The age distributions read in for the base year are not 
updated endogenously in the model during the course of the simu- 
lation as this would require data for the age distributions of all 
the in and out flows. A change in the age distribution over time, . 
can, however, be read as input if it is estimated exogenously. • The 
use of this feasibility probably improves the general accuracy of " . 
the results in only very extreme cases, such as a very sudden 
increase in the number of young teachers in combination with the 
use of the model for a long simulation period. 

As to the inflow of non-active ex-teiachers and people from 
other activities we only consider the net inflow, i.e. inflov/ 
outflow. There are some different cases as to the data availabi- 
lity. 

- If data can be estimated for each-category and each 
year of the simulation period, these data can be used 
as input c. 
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- It may be easier to estimate the inflow as a percentage 
of the existing stock of teachers the previous year. 
This set of estimated percentages for each ' 

category and each year may be used as inputs. 

Net immigration: we assume that these data can be esti- 
mated for each category and esich year of the simulation period. 

Some explanations are given below about the assumptions 
concerning the inflow of graduates from the educational system 
and the internal changes in the teacher stock. 

Translation Ratios 

This concept was introduced for the treatment of the 
infiov; of graduates from the educational system. There is 
usually not a one-to-one correspondence between the educational 
output frbm different units and the teacher categories (for 
definition see page 19 ) as the disaggregation used in the Student" 
Flow submodel may be different from the disaggregation of teachers 
into categories. Different educational units may produce teachers 
belonging to the same teaching qualification category. There can., 
however, also be a flow from one educational unit into different 
teaching categories. This will, for instance, occur when the 
educational output, as obtained from the Student Flow submodel, 
is not divided up according to what subject or groups of subjects 
they have specialised in and when at the same time the teaching 
categories are defined so that different subject specialisations 
correspond to different categories. In order to give- possibility 
for the. user to trace out the consequences of different policy 
alternatives, the inflow of teachers coming directly from the 
educational system is determined by. two different rates. The 
direct input, obtained from the Flow submodel is the stock of 
each "producing" unit year t-1.(if t is the simulation year). 
These stocks will be multiplied by the following ratios: 

- The ratio of students of unit I who pass an 
examination corresponding to teaching category Q. 

- The ratio of those from unit I who "graduated" in 
category Q and v/ho choose the teaching profession. 

These two ratios are parameters which can be influenced 
by educational authorities. The second one translates the beha- 
viour of the graduates and is to a fairly large extent determined 
by labour market conditions. These ratios will be referred to below 
as the "rate of success" and the "rate of choice". 

Internal flov/s 

As mentioned above, teachers with the same formal qualifi- 
cations are assumed to belong to the same category. Internal 
flows between different categories can thus occur only jwhen 
teachers acquire additional theoretical qualifications ,' for 
instance by evening or summer courses. If: they leiave their 
teaching activities at some time for additional studies, they 
will be counted (negatively) in the net inflow of ex-teachers. 
The internal flow not taken into account in this net inflow is 
thus very small and may be neglected v/hen information, is not 
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available. Internal flows are ass-umed to be estimated in 
absolute figures and be input data for the model. These adjust- 
ments are optional and could be skipped if desired. 

Sensitivity Analysis 

The inflow from the educational system can simultaneously 
be computed for different alternatives as to the value of the ^ 
two ratios described above that translate students into qualifi- 
cation groups. These alternatives will correspond to different 
policies as to the production of graduates for the teaching 
profession; these policies will change the '^rate of success", 
lurthermore, the attraction of the teaching profession described 
with the parameter '^rate of choice" can vary within certain limits 
which translate the uncertainty of the estimation. The combination 
of these two factors leads to alternative values for the teacher 
stock which are described in terms of variation around a mean 
stock value. ' 

A detailed descriiDtion of the Teacher Supply submodel is 
present.ed in appendix 3.* A general block diagram for the submodel 
appears on the following page. 

6. Teacher Comparison Submodel 

The supply of teachers is calculated in the Teacher Supply 
submodel and the demand for teachers in the Resource submodel. 
In the Teacher Comparison submodel the supply and demand are 
compared for each category of teachers and each level of the 
educational system; these operations are processed for each year 
of the simulation period. 

Furthermore, policy alternatives are designed in order to 
reach a more balanced situation. On the demand side, the influence 
of certain changes of such policy parameters as class- size and 
teaching obligation on 'the supply/demand balance is investigated. 
For each level a sequence of changes in percentage in class size 
and/or teaching load that correspond to a more balanced situation 
is produced. 

Ori^'the supply side, short term adjustments produced by 
stock alternatives imbedded in the Teacher Supply submodel could 
be used if necessary. 

The sequential method used for computing the adjustments 
of different policy parameters is described in appendix 4. 

A block diagram for the Teacher Comparison submodel is 
presented on page 24. The block diagram on page 25 illustrates 
the connection of the different submodels. 
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BLOCK DIAGRAM FOR TEACHER SUPPLY 



CALCULATIONS 



OUTPRINT 



For each teacher category 



Outflows 






Number 


of 


deaths 


Number 


of retirements 



Inflow - 

Number of new teachers 
coming from the educational 
system . 

Alternative values for 
this inflow . 



Net inflows - 

Number of ex-teachers 
and people from other 
occupations . 

Number of immigrants. 



Teacher stock 

Internal changes 
excluded 



Internal changes 
included 



Tables giving the value 
of the outflow for each 
category and the total 
value 



A table giving the 
number of new teachers 
for each category 



A table giving the 
possible variat'ibns for 
the teacher stock 
following different 
alternatives for each 
category 



Tables giving the value 
of the net inflows for 
each category 



A table giving the 
number of teachers for 
each category 
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BLOCK DIAGRAM FOR TEACHER COMPARISON 



CALCULATIONS 



OUTPRINT 



For each category 
For each level - 
Calculation of 
imbalances 
Supply - Demand 



Balancing policies for 
each level 
Compute for each 
category the changes 
needed in class size 
and/or teaching load 
to minimize the 
unbalance 



Balancing policies for 



each category 
Use of supply 
alternatives 



A table giving the 
value of disequili- 
brium for each level 
and category 
Summary results 



A table giving the 
percentage of change 
for each policy 
parameter and each 
category — ^ 



A table giving the 
remaining unbalance 
and the supply 
strategy used for 
each category 
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ORGANISATION OF SOM 



FLOW 
SUBMODEL 



RESOURCE 
SUBMODEL 



?EACHER 

5UPPLY 

SUBMODEL 



Start of calculations for the 
first simulation year: T = 1 



Calculation of repeaters, drop- 
outs, school-leavers and new 
student stock 



Start of resource calculations 
for the first level: L = 1 



Calculation of direct resource 
requirements and corresponding 
investments and capital costs 



Calculation of indirect resource 
requirements and corresponding 
investments and capital costs 



Calculation of teacher supply- 
by adjustment of previous year's 
stock for various types of 
changes 



Proceed to next 
level: L-*L + 1 



'EACHER 

lOMPARISON 

lUBMODEL 



Comparison of teacher supply 
obtained from the teacher supply 
model and teacher demand as 
calculated from the resource 
submodel. Investigation of 
adjustment policies . 



Proceed to 


next 


simulation 


year: 


T->T + 1 
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7. Aii_Application Study 

' Various fields of application of SOM are apparent from 
the above description. It can. in principle, be considered as _ 
a tool for consequential analysis and used to answer the followxng 
types of questions : 

"'What will the. consequences be for: 

(i) the size of the pupil stock in various parts 
of the educational system and the production 
of qualified manpower of various categories; 

(ii) the supply and demand for teachers; 

(iii) physical and financial requirements; 

if the educational system continues to develop according to present 
trends or if certain reforms are carried out. The effect of the 
considered reforms on the input data of the model must, naturally, 
be determined exogenously. 

An illustrative example has been chosen to show how a 
specific Droblem can be dealt with by the SOM model.. It is a 
British case study related to an increase in compulsory schooling. 
The raising of school-leaving age from 15 to 16 years is a reform 
already decided upon. The specific problem we have singled out is 
the choice of time schedule for the introduction of this reform.. 

Criterion of Choice 

As the reform has been found desirable, there is a general 
wish to introduce it fairly soon. Considerably more teachers and 
school buildings will, however, be needed. A smooth change in the 
requirements of resources should probably be aimed at to ensure 
a successful implementation of the reform. Such a smooth develop- 
ment may be obtained by fitting the time of the reform to the 
demographic development and by extending the period of introduction 
over several years. The smoothest development may, however, 
correspond to a verv slow introduction rate, which may' not be m 
line with the original intentions. A criterion of choice expressed 
only in terms of "smoothness" may , therefore , be unsuitable. We 
have examined the resource requirements for a number of policy 
alternatives, all of which imply that the introduction of the 
reform would be completed in 197^ or earlier. Without defining 
a precise criterion, the "best" policy cannot be uniquely deter- 
mined. The choice of policy will be a matter of judgement for 
which the present study should provide s6me" relWan 
The reliability of the results will be discussed in the final 
paragraph. 

Policy Alternatives 

Three different starting years for the reform have been 
examined, namely 1970 (= alt. 2), 1971 (= alt. 3)i and 1972 
(= alt. 4). These alternatives have been combined with three 
cases concerning the introduction rate: 
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A. direct rise from 15 to 16; 

B. rise made in half-year steps during 
two consecutive years; 

C. rise made in steps of 4 months during 
three consecutive years. 

The model has been used to estimate the consequences, such 
as the iiumber of teachers and building space required for the 
nine policy alternatives (2A, 2B, 2C, 5A, 5B, 50, 4A, 4B, 4C) 
defined above, as well as for a coD?parison with the alternative 
(= alt. 1) which involves no increase in compulsory schooling. 

Input data considerations, the method of applying the 
model, and calculated results are presented in appendix 5- - Here 
we shall outline the general procedure and present the main 
results. 



Application of the Hodel 

The increase in the number of school children aged more 
than 15 years will affect the number of graduate and non-graduate 
teachers required. As the same categories of teachers also teach 
in primary school, both primary and secondary schools have to be . 
included in the simulation in order to estimate the number of 
teachers required in the various alternatives. Other parts of the 
education system, such as universities, teacher-training colleges, 
further education, special institutions (for instance for handi- 
capped children), and nursery schools have been excluded in this 
application of the model, as they do not directly influence the 
two main factors under study, i.e. the increase in teacher and 
space requirements caused by the x^eform. If we had wanted to use 
the model to estimate future supply of teachers we would, of course, 
also have had to include universities and teacher-training colleges 
in the simulation. It is, however, probably easier to make supply 
meet demand in alternatives that correspond to a smooth increase 
in demand. We have, therefore, limited this study to include 
estimates on the demand side only* Consequently, we have used 
only two submodels, the Flow submodel and the Resource submodel, 
and excluded the other two submodels, the Teacher Supply and the 
Teacher Comparison submodels. The fact that the parameters we want 
to study are connected with only a part of the educational system 
does not mean that all other parts will be untouched by the reform. 
As the main increase of pupils will be in modem secondary schools, 
there will probably be an increased demand for places in further 
education. .. To adapt the ^further , education system t 
may require a number of changes in curricula, acceptance rules, 
number of places supplied, etc. We have excluded these problems 
from our study, as they do not seem to affect the appropriate 
time and method for implementing the reform. 
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-InT)ut Data - 

Primary school ha^ ^^e^^^poSiS^\"l|If f er^J -^iY^f 

into "units", different g^f ^^-^ ^^f^'^to in 5^ uiiits. 

Secondary school has beet^ ^V^'^^l tl^e r^^^vel^ ^ Svi^h a way 
that the lower level is iJH^J-ent g Scl^J^rm^^jid dS|*i»°J^°'' 
has been made between diff^^cho^.^vj?^^ gjimar ^^1^ is, et^^^^?^^,,^ 
"branches", such as mode^-^Jd tU^ • J^^ce s^po^^^ c Input 
data to the Flow submodel t% aescrigWf^ appej^^^^^ 

obtained from available ^t^^ve i^J^ '^5a<3^""~ 
The following assTomptionS ^ ^^1^ 

(i) the present t^U ^^^^ ^^^e; 
coefficients ^^trlv . ^,etvre^. 

(ii) the present "^^^^-e^Htjj-^te ^^^^A^ 
graduate anf^ ^/^^Jdi>Jcli^^®'^ 

in each unit ^ ii^^^ ^ j-ati^ .ns ' 

(iii) the present P^J^h \^^cP;'' ^en^^" 
unchanged iU ^ inv^i^' ^ for ^ 

(iv) required sp^c^.l e^Wjji^^^jie pr^J^U 
additional PVJ'^»eEL-^Hg3' J^j-e i 
minimum req^ii^' £0 g-e is 

(v) when the scJiooJils ^iuf "^ot^J^iS^^^o 
a number of P^^ool ViJ-^^iae "»oi-e^<3 ^, 
continue in , Wo^* two . ^Ite^eaJ^es 
We distingu3-sl^^sib:)^^ejj vioiiTs'^^a^^^e 
as to their P'^S ^SiJi^^ ^Ox"*^^"! 
who are "fo^-c^if^^ c<ooJ oH^^ 
more year (1)/^) ^^.s^ tue ^on-fci^ii fj^on 
possible; o^-^^Je wi^y ^ijiue vJ^^^:E^rily . 
pattern of -the?'' ^^■^^^j'?^' ^^.tin^ 

has . : - ' 



was . " pO'^ •^'^^A tL all -k 
The last alternative^. ^^e^?ir5* ^1^^^ v/i^Jve ha^^? 
alternatives mentioned at?oV| J^"- ^^i^^"^ been 

combined with and deiif 

Calculated Quantities ^ ^ 

The computer prog^-a^'je^ ^i^^'^p^^ "ea^i^Se^Z 
native, and pupil stocks the Jb^JiatJOii Ji^^.^f up to'^?*^./ 
calculated for each year °^ Hi^* ^^^ir-ioO 197^/ 

1976. ■ ■■"u ' 'oht^' 

The' future' numbeig/'SS^ ^^^^^d'^^vS^je^'^ 

for each unit and level, ^^/^^^^^el^^gr^P^. ^ 3^^^ ^3.te^na^-t°^^ 

secondary schopj. are ±ll^?f^'''^Xi.i^Jiie \' cj^r ^tjonds J^^eS 

native 1 (no increase in cO^fic^^^^y ts) , ^ caicUJ-area 

for constant transition ^wt^^' 
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Graph 1 ; Development of student stocks in secondary 
school according to the alternatives 1, 1', 2A, 3A, 4A and 4A-^ , 




From the line corresponding to alt.1., i.e. no increase in 
compulsory school age, it can be seen that there will be a 
steady and growing increase in the nuunber of secondary school 
pupils despite the demographic development with a decreasing, 
number of 16 year old children in the beginning of the 
seventies. This is due to the increase in the number of 
younger secondary school children together with the growing 
* tendency to stay on in school (if present trends continue). 
The student stock curves thus indicate that it is already 
somewhat .late to fit the reform to the demographic development 

The calculated required nuunber of teachers in primary 
and secondary school is illustrated in graph 2. 

Graph 2 

Required number 

of teachers 
(in thousands) 




68/69 69/70 70/71 71/72 72/73 73/74 74/75 75/76 
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As coiiia have been expected, the slov/er the introduction rate 
the^" lower the yearly increases. The policy alternatives 2C, 
5C and ^C, i.e. a 5-step introduction rate, all give yearly 
increases betv/een 4% and 5/^ during the reform period. The 
increase in space requirements has been calculated for each 
school level and each policy alternative. ^The difference between 
the different alternatives is of the same kind as for teacher 
requirements (cf. appendix 5)- ' 

Conclusions ; 

To see what conclusions can be dravm, v/e shall first examine 
how the calculated results are affected by the various assumptions 
we have made (cf. p.27 )• 

We assumed that present trends in the transition coeffi-r 
cients, i.e. the tendency tov/ards staying on longer at school, 
would continue. If this tendency suddenly disappeared altogether, 
the future number of pupils would noticeably diminish as illus- 
trated above by the difference between alt ernatives 1 and .1 ' ; As 
to the pupils' reaction towards the reform, w^ assumed, except in 
the comparison case 4A*, that those who were "forced!', by the 
reform to stay on continued voluntarily to the same extent as those 
v;ho continued before the reform. Here we may have over-estimated 
the tendency to stay on. On the other hand, certain pupils who 
earlier stayed on after the age of 15 may stay on even longer 
because of the reform, in order to keep their "educational differ- 
ential" . 

In short, the calculated values for future school popula- 
tions may be over or under-estimated (probably somev/hat . over- 
estimated), depending on. the pupils' reaction towards the reform. 
Even in the cases (1 ' and 4A*J where a lower tendency to stay on 
at school is assumed, there will nonetheless be a steady increase 
in the school population. As this increase is the basic feature 
for the differences' betv/een the examined policy alternatives, the 
uncertainties in the estimated values are v/ithout interest for 
our particular problem. 

The calculated resource requirements assijune unchanged 
pupil/teacher ratios. Here it should be noted that data concerning 
the present ratios are somev/hat contradictory. If teacher require- 
ments are estimated on the basis of available data (cf . appendix 5) 
on pupil numbers, class size, periods per week and weekly teaching 
obligations, the figure obtained for secondary school teachers is 
40% higher than the present stock. This may be due to the number 
of "sup excised ^^^p 

than the "theoretical" figure (30 to 57-5 periods). Alternatively, 
there may be some general incompatibility in the conditions for the 
collection of the different setfi of data. For all computer calcu- 
lations, input data have been so adjusted that they correspond to 
the pupil/teacher ratio v/hich is obtained for the present number 
of teachers and pupils. If there is. a "hidden" teacher shortage 
at present, this shortage has thus been projected into the future. 
This means that there might be a general downward bias in the 
estimates of future teacher requirements, but this bias would not 
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affect the characteristics of the differences in teacher require- 
ments as between the different policy alternatives. 

Class sizes have been assumed unchanged by the reform. 
Present average class-size values for children above"'l5 are, 
however, surprisingly small (9-18). It seems as though different 
classes are not put together, even when the class-size diminishes 
considerably. The small average class-size values seem thus to 
indicate that resources are at present under-utilised. As this 
imder-utilisation will diminish automatically v/ith increasing ^ 
school-leaving age, the calculated increase in resource require- 
ments, caused by the reform may thus be too high. This does not, 
hov7ever, affect the differences between the "smoothness" of the 
investigated policy alternatives. 

As the various imcertainties in the calculated results do 
not affect the principal differences between the investigated 
policy alternatives, we can base our conclusions directly on the 
calculated results. In spite of the present decrease in the 
numbers of certain age groups in secondary school, the increased 
population in primary school and the tendency to stay on longer at 
school cause a yearly increase in the primary and secondary school 
population of about 2.5% and a somewhat larger increase of 2.5?^ to ' 
5% in required resources. If high increases in resource require- . 
ments are to be avoided, the introduction should be spread over' 
several years. A one-step increase in compulsory schooling from 
15 to 15 years is likely to cause implementation difficulties, 
as it v/ould mean a sudden increase of about 5 to 8% in resource 
requirements, more than twice the normal yearly increase. There 
seems to be no reason to spread the increase in school-leaving a;5e. 
over more than three steps, as these v/ould be enough to bring tht? , 
yearly change in line with changes which might occur in any case 
during the seventies, irrespective of the reform, because of the 
increasing school population. 

As to the starting year of the reform, alternative 2C 
(i.e. start in 1970) is slightly, but not significantly, "sinioother" 
than 50 and 40 (start in 1971 and 1972 respectively). There is 
thus no reason to postpone the start in the hope of more favourable 
demographic conditions later on. A reason to postpone the reform 
could be that more preparation time was needed, but as the reform 
was decided on several years ago this is probably not the case. 
To start introducing the reform soon, but at a slow pace, seems 
to be the preferable alternative. 
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Appendix 1 

FLOW SUmODEL 



The Flow Submodel calculates for each year t of the 
simulated period the new stock of students or pupils in each unit 
and the outflovf from the educational system. 

The students may be divided up according to sex and/or 
socio-economic background. The number of different such groups 
is denoted IJSG* (IvSG^4 in the present version of '^the computer 
progf amme). 

The computer subprogramme Flow carries out the calculations 
for each simulation year. The calculations are based on the 
following main categories of input data: 

(i) Demographic and school-entry data. 

(ii) Student stock in the base year (year 0). The 
stock NN(/,/^,/0* is given for each level/, 
each \m±t / , and each student group y^. 

(iii) Transition coefficients for each level and 
unit (and student group). These coefficients 
may change over time. 

(iv) Restricted entry data. For each level input 
information is needed about which units are 
restricted and the number of places supplied 
in each of them. This number ii.ay vary over 
time. 

addition, certain structural data are needed, some of 
which are also used in other parts of the programme. The struc- 
tural input data are defined below: 

I^^'^^-^' ' Number of levels for which student stocks and flows are 
calculated. (N?iIF<5). 

NU: NU(-^) is the nimber of units in level A 

NUF: NUF(-^) is the number of imits which belong both to levi l/ 
and the preceding level. These \mits are given the 
lowest numbers in" lever -^ and'^the highest ~ri 
level When summary ' results are calculated for the 
level they are counted to the lower level. In principle, 
they consist of the units in the lower level from which 
there, is a . flov/ of students to the higher level. 

r^Rl NRC-^) is the nujiiber of restricted units in level 

(They are not necessarily restricted during the entire 
simulation period). 



* Block letters are used in all the appendices for quantities 
which are input data to the computer programme. 
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KNCOEF: A student stock coefficient. NN(^ ,/,-^) that is the 

n-umber of students in \anit < , level-d , that belong to 

student group -j^ must never exceed 20,000, because of 
limited computer memory space. (Only a half-word has 
been used for m) . m is usually below this limit m 
small coiantries, particularly if the school system hag 
" been divided up in many \anits. If NN exceeds the- limi,i; 
in the base year or if NN can be expected" to surpass 
the limit during the course of the simulation, all 
student stock input data as well as input data for th@ 
demographic forecasts and the mamber of supplied plac^^ 
in the restricted \anits should be reduced by a factor 
NNCOEF before they are read in. NNCOEE' may, for xnst^fl^^^ 
be chosen equal to 10, 100 or 1,000. . 

The following main type of calculations are carried o\y.1i 
in the Flow submodel each simulation year: 

a) New enrolments . a.- 

b) Transition coefficients for the year m question 

c) Repeaters, drop-outs and school leavers 

d) New student stock 

e) Redistribution because of restricted entry 

a) New enrolments 

The number of new enrolments from outside the educatioA,^! 
system is calculated from demographic forecasts and school ■ -e^■efO^ 
data. We have assumed that there are only such new enrolments 
into Level 1. The units receiving these new enrolments are giyj-^ 
the lowest numbers. The number of such units is NUFM). CNUF^'' ^ 
is thus defined in a slightly different way from NUF(^) forir>^,^ 
see definition above). The demographic data are expressed as -fcP-e 
estimated number of children (= c/UM ) of school entry age for 
each simulation year. If all children enter at the same age 
(= NAGEL), CHILDC-^) denotes the number of children aged NAGEL ^.J^ 
the simulation year t. If the school entry age covers several 
age groups this can also be taken into account. Input data axe 
then the proportion (=F) of children of each possible school e^ji^ry 
age who enrol. The precise definitions of the demographic an<i 
school entry inputs are given below: 

NAGEL ; The lowest age at which children enrol in the simulate^ 
system. 

NAGEH: The highest age at which children enrol in the simul^^^d 

_ .""ZZTr". systLein. ^ ^ , 

f ('i) is the proportion of children aged NAGEL that e^jrC*! 
at this age. The general definition of F(u) is the 
proportion of the age group NAGEL + ^ - 1 that enrol. 

CHILD: Demographic forecasts for the number of children age^ 

NAGEL (lowest school entry age). CHILD (-t) is the 

number of children aged NAGEL in the year that corre§^ 
ponds to the simulation year -t + (NAGEL - NAGEH ; . 
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(If NAGEH NAGEL, say NAGEH = 7 and NAGEL = 5, input 
data concerning the number of 5 year old children are 
thus also needed for the years before the simulation 
period. This is simply due to the fact that the number 
of children aged 7 at the start of the simulation is . 
calculated in the model on the basis of the number of 
5 year old children two years earlier). 

S: SU,-^) is the proportion of those who enrol that belong 

to socio-economic group (-^ = 1 ,NSG) and enrol in unit 
-^C"^' = 1,NOT(1)). (The pupils are assumed to belong to 
the same ^ -group throughout the simulation). 

The calculations are carried out in two steps. The total 
number of first enrolments each year is first calculated from the 
demographic data CHILD and the school entry data F. These enrol- 
ments are then distributed between the entry units by multiplica- 
tion by S. 

In practice it may, of course, also happen that levels" 
other than the first one receive new enrolm.ents from outside the 
educational system. These consist either of immigrants or students 
who restart their studies after having left the educational system 
a year or more earlier. This can be taken into account in the 
model by the use of fictitious units , that is, units without any 
resources requirements, but associated with stocks and transition 
coefficients. 

b) Transition coefficients 

The transition coefficients NTRA ('m,-^,77yt) associated 
with unit are defined as the ratios of the pupils in who go 
to various other units N J('m) , repeat, dropout or leave school. 
The following code notations have been used: 

^ = <. repeaters 

^ - 0 dropouts 

^ = 99 school-leavers 

The number-of transition coefficients different from 0 is denoted 
MAX J. For example, MAX J equals 5 for unit 2 if there are pupils who 
continue from unit 2 to unit 5 and to unit 4 and if there are pupils, 
who repeat unit 2, dropout from unit 2 as well as pupils who leave 
school after having completed unit 2. 

If one has distinguished between several (socio-economic) 
groups -1^, transition coefficients have to be read in for each 
group. 

If the coefficients are not constant for the entire 
simulation period, they are ass\amed to vary over time as a linear 
function or a function consisting of linear segments. An example 
of such a function is illustrated overleaf. 
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NTEA 



100 
80 
60 
40 
20 




1 2 



3 4 
NT2(1) 



5 6 7 

NT1(2) 
. NT2(2) 



8 9 10 

NT1(3) 
NT2(3) 



Simulation 
-> year 



By representing the transition coefficient by this kind 
of function the number of required input data is considerably 
reduced. Only coefficients corresponding to turning points 
of the function or to intervals where the function is constant, 
are inputs (20, 40 and c' in the diagram). Intermediate 
values are calculated in che programme by linear interpolation. 

The transition coefficient for year corresponds to the 

flow between year - 1 and . For each turning point or 

constant interval the"f±rst year (=NTl) and the last year 
(=NT2) that the transition coefficient takes on, the constant 
or the turning point value is read as input. If it is a real 
turning point, such as for year 6 and 9 in the figure above, 
NT1 thus equals NT2. If the flow is from unit 2 to unit 3 and 
if -A (= student group) equals 1, we have the following inputs 
for the example given above. 



NJ(1) = 3 



MAXP = 3 



NTRA(1,1,1) 


= 20 


NT1(1) 


= 1 


NT2(1) 


= 3 


NTRA.(1,1,2) 


= 40 


NT1(2) 


= 6 


NT2(2) 


= 6 


NTRA(1,1,3) 


= 80 


NT^(3) 


= 9 


NT2(3) 


= 9 



MAXP denotes the total nmber of different coefficient values 
needed to describe the coefficient fxmction. .. .t. 

As the transition coefficient values are not read in 
separately for each simulation year, they have to be calculated 
when needed. The first main operation for each simulation year 

anci .for each level is, therefore,, to calculate .for . each unit and 

for the year' in question the transition coefficients on the 
basis of the input, data describing the coefficients as a 
fxmction of time. First one checks if the year corresponds -to 
a turning point or constant interval: if this is the case the 
coefficient is obtained directly from the inj^uts. Otherwise 
the end points of the linear segment to whrcn->-.the year belongs 
are determined and the coefficient obtained by liiiear inter- 
polation. 
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The calculated coefficients may be printed out. If 
MPEINT(5) is put equal to 1 the transition coefficients for the 
flow between the units are printed out. Correspondingly, the 
coefficients for repeaters, dropouts and school-leavers are 
printed out if MPRINT(6) is put equal to 1. 

c) Repeaters, dropouts and school-leavers 

The development of the educational system is simulated 
stepv/ise from year to year. On the basis of student stock data 
for the base year (= year 0) the number of dropouts during or at 
the end of year 0 and the soiiool leavers at the end of year 0 
is calculated by multiplying the student stock for each unit and 
-A group by the corresponding transition coefficients. The number 
of repeaters is calculated analogously. The new student stock year 
1 is calculated for each unit as the sum of the repeaters in the. 
unit and the flows from other units as described in section d) 
, below. The dropouts during or at the end of year 1 can then be 
obtained by multiplying the calculated stock for year 1 by the 
corresponding transition coefficients. These coefficients may 
differ from those used for the base year as explained in section 
b) above. The same procedure for the calculation of dropouts and 
school-leavers is used for each simulation year. 

Stms for the different ^ groups for each unit and for the 
entire level are calculated. "They can be printed out by use of the 
printing vector MPRINT. MPRINT(.I) refers to dropouts and MPRINT(2) 
to.schpQl^^ There are the following choices: 

MPRINT(I) = 0 No outprints. 

MPRINT(I) = 1 For each year and level a table is printed out 
containing data for each unit and group and 
summary results for each unit and for the entire 
level. 

MPRINT(I) = 2 For each level and year a table is printed out 
containing data for each unit and the sum for 
the level. 

The table for school leavers for a certain level may give in- 
correct values for the highest units, that is the units from which 
there is a flow to level + 1 when one or more of the units in 
level < + 1 that_ receive this flow are restricted. This occurs 
when there are students who would have continued to a restricted 
unit in level -t^'+ 1 v;ere there more places but who leave school if 
they are not accepted in the restricted unit. The "redistribu- 
tion" of students who are not accepted in the restricted units is 
carried out when level -^+1 contains also the units in common 
with level -t and gives thus the correct number of school-leavers 
for these units. 

d) New student stock 

In most cases the new stock in a unit year ^ is obtained 
as the sum of the number of repeaters and the. flows from other units 
in the same level. There are, however, some special cases: 
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(i) For Level 1 the stocks of the entry units are 
obtained as the sum of repeaters, flows from 
other units and new enrolments. 

(ii) For Levels /(■/>1) the units have been so num- 
bered that the lowest numbers correspond to 
units which belong to the preceding level nT - 1 . 
and from which there is a flow to level/ . For 
these units the stock vear was already calcu- 
lated when the Level •/ - 1 was dealt with. The 
stock values obta;ined earlier are directly trans- 
ferred to the corresponding units in Level -c* 

(iii) In the case of restricted entry the new stock, 
obtained as the sum of flows from other unitB and 
repeaters, may differ from the number of available 
places. In this case the stock value is corrected 
and the students are "redistributed" according to 
the principles outlined in section e) below. 

The outprint of student stock data is detennined by 
MPEINT(5) the definition of which is analogous to MPRINT(2) and 
MPRINT(1). MPRINT(3)is thus put equal to 0 if no outprints are 
wanted, MPRINT(5) = 1 if stock data should be printed out for each 
unit and each student group, and MPRINT(3) = 2 if separate results 
for the different -A groups are not wanted. 

e) Redistribution in case of restricted entry 

Restriction of the supply of places usually affects the 
flov; through the system in quite a complex way as there is an 
interaction between many different f-actors,, such as: 

(i) admittance principles; 

(ii) distribution of students' priorities and qualifi- 
cations and interrelationships between these 
factors; 

(iii) supply of places in the restricted units; 

(iv) number of students in the "source" units, i.e. 
the units from which there is a flow to restric- 
ted units. 

Infpnnation on (i) and (ii) is usually incomplete and not avail- • 
able in a form applicable for prediction purposes. There are 
computer programmes which distribute the available places in 
restricted entry units between the applicants but such programmes 
require a given population of applicants, with given qualifications 
and priorities as input. To use such a programme for prediction 
purposes a "pre-pro gramme" has to be added which generates a popu- 
lation of applicants with individual characteristics. However, 
we would still not get any infonnation about the future path of . 
the. students not admitted to any of the restricted units to which 
they have applied. And this is exactly the infonnation needed for 
our purposes. We are not interested in the paths of the indivi- 
dual students but lieed a general method for. estimating how the 
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students, who do not go to restricted units, are distributed 
between the other choices open to them, that is between various 
open units and school-leavers. This distribution, that is the 
numbers of students who leave school or go to the various open 
units, will, of course, remain constant over, time, if all the . 
four factors mentioned above remain unchanged. Ve want, however, 
to simulate the development of the system for the case when there 
are changes in the number of students in the source units and/or 
in the number of available places in the restricted units. The 
simulation method we have chosen assumes information to be avail- 
able about the "observed" transition coefficients for the base 
year or a previous year. These coefficients do not give any direct 
information about the real demand for places, but they are a com- 
bined result of the present relationships between admittance prin- 
ciples and students* qualifications and between supply and demand. 

The following assumptions have been made: 

a) The supply of places in the restricted units is so 
small in comparison with the demand for places from 
eligible students that the places will always be 
filled. (If this is not the case we cease to call 
them restricted units). • 

b) If the flow from a source unit ^ only goes to res- 
tricted units those who are not accepted, ^ 

to leave school. 

c) Those who are not allowed to any restricted units 
choose an "open" unit if there is a flow from the 
source unit to an open unit. 

d) If there is a flow from unit / to several "open" 
units, those who are not admitted to restricted units 
are distributed between-the open units in proportion 
to the original transition coefficients. 

e) The allocation of the restricted places between 
students from competing units is proportional to the 
original flow. 

The method for distributing the students from the source 
units in accordance with the assumptions above. is first outlined 
below for the less complicated case when all restricted units have 
become more restricted than they were in the base year; that is the 
admitted students have as high, or higher, qualifications. 

First the new stock in all the units of level ^ is calcu- 
lated as if no units ,were restricted, that is in the way described 
above (section a) -d)). 

For each restricted unit the preliminac^y stock values are 
corrected as follows: 

1) The stock value in the restricted unit, earlier 
calculated as equal to the "demand" as described in 
section d) , is now put equal to -cJ , the supply of 
places in this unit. The "over-demand" t^-^ is put 
back to the various source units in proportion to 
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the original flow. 

2) For each source unit ^ the excess number of students 
{^OcL(jk)^ is the student group), is redistributed 
in accord^ce with (b), (c) and (d) above, that is 
for each group one proceeds as follows: 

3) If there is a flov; of -A students from ^ to any open 
units, Od (A) is distributed between them in propor- 
tion to the original transition coefficients for the 
-A group in question. 

4) If there is no flov of -A students from d to open units 
OdQA) is added to* the number of school leavers from^ . 

If we now look at the case when a restricted unit has 
become less restricted, we see that the redistribution procedure 
outlined above can be followed, the only difference being that 
i/'-'i^ and Oc/ C"^) now taJce on negative values. The interpretation of 
this procedure is that there has been a relative increase in the 
number of places supplied in the restricted unit. This causes a 
larger percentage of the students than in the base year to go to 
the restricted unit and there is a corresponding decrease in the 
percentages of the students from the source units who go to open 
units or leave school. 

The butprint of the student stock data (see section d)) - 
gives the data obtained after the redistribution procedure outlined 
above has been carried through. If one wants to know the stock 
values obtained in the restricted units before the redistribution, 
one can put MPRINT(7) = 1. i'or each restricted unit a line is 
then printed out giving the number of the unit, the preliminary 
stock and the number of supplied places. 

The number of supplied places in the restricted units is 
not directly given as input for each simulation year. Instead the 
number is given as a function of time in a similar way as for the 
transition coefficients. The inp'uts required for each restricted 
unit are listed below: 

IR(^) number of the^:th restricted unit 

MAXP number of different points needed to describe the 
number of supplied places as a function of time. 

NASR NASR(7n,7?iA) is the number of supplied places in the 
7rt:th restricted unit, tti/i corresponding to different 
points on the curve, see diagram following. 

NT1, NT2 NTl(7rtA) is the left and NT2(77ifi) Hie right end of the 
time interval in which the number of supplied places 
equals NASR (m,m^) see diagram follov/ing. 
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Number of 

supplied 

places 



NASE(m,3) 
NASR(m,2) 




8 



Simulation 
■> year 



NT1 (l 
NT2(1 



.NT1(2) 



NT2(2) NTI (3) 
NT2(3) 



The restricted unit may be unrestricted in the beginning 
or towards the end of the simulation.^- No data are read in for the 
years during which it is unrestricted. Thus, if NTl(l)>1, this 
.means that the unit is unrestricted for years for which 1i't<NTl(l) 
Correspondingly, for years >NT2(MAXP) . 

There are several reasons why the number of supplied places 
has been represented by a function in the way described above. In 
principle, the idea has been: 

(i) to keep the number of required inputs down for 
the simple and most usual cases, that* is when the 
function is constant or linear; 

(ii) to be able to deal with more complicated cases, 
that is irregular functions and restricted units 
that are restricted only part of the time; 

(iii) to facilitate the preparation of input data by 
leaving it to the computer to carry out linear 
interpolation in intervals in which the change 
is linear. 

Organisation of the Calculations " 

All input data are read in the main programme (and stored 
or put on disk). The f ollowi ng types of calculations.. are,, carried 
out before the Flow subprogramme is entered: 

(i) Calculation of the number of first enrolments in 

the first level for each one of the simulated years. 
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A^^^- ro.l^^'^^t 'C each 

unit on the J^J ^a^J i;^^ for s^o ^ 
read in for ^ 

group. dat5» «-Ls*eiic> te^s. 

(iii) Tests of inP^*^/o:,. cC'f ^^Sef?i^|^ : 

are carried o'^J^^^ ^tt^t^vV^^^^ Z& in J^^^*? 
and for, the n^^e p^^J '^^^ec^^acj^r ?nj|^tri- 

if the diff^rj^e >g"^;he ^,Jor H^S^sition 

coefficients ^^are J^eU^S a?^^®f ion iS- and. 
certain inpi^^s .e. Vjiji^^^ ^^itxeH^^ -"^iriitat-i-ons 
of the prog^a^, ^ ^ 

The calculations oar^^ 1 ,^,U*^^°&f'®^oS?>' ^^^in°tK^® 
each simulation year NYR (llYR.re ^V^?(ed desS^iUf^c of 
chart on pages 43 to 47. A ^a^vj-t^^-^ ^P*^ ^-"^e 

computer programme is give^^ ^ 'i-^' 
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FLQV/ SUBPRQGRAMME 



Calculate the printing vector 
for the year NYR from MPRINT and 
MYEAR 



Carry out the calculations below 
for each level L = 1 ,NMLF 



C 



I 



Read transition coeffi 
cients for each unit 



Calculate the coefficients for unit 
I for year nyR from the data giving 
the coefficient as a fimction of 
time 



Continue to next' unit 1 + 1 




Print out transition 
matrix for year NYR 



C 



Print out coeffi- 
cients for repeaters, 
dropouts and school 
leavers for year NYR 



Read the number of supplied 
places in each restricted unit T 



Calculate the 
places for yea 
giving the nun 
function of ti 


number of supplied 
r NYR from the data 
iber of places as a 
me 






Continue to next restricted unit 



ERIC 
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Calculate the repeaters, dropouts 
and school leavers for each unit 
for the end of the previous year 



.YES. 




Distribute the new 
enrolments between the 
entry units I = 1,NUF(1) 
and between different 
K groups 



Put the new student stock 
in the lower units equal to 
the one already calculated 
for the corresponding units 
in the previous. level 




Add to the new student stock in 
each unit the number of repeaters 
and the flow from other units in 
the same level 




< Return from the 
restricted entry 
section 



Calculate total stock and total 
number of dropouts and school- 
leavers for the level 
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End of calculations for 
level L. Repeat the 
calculations for next 
level if any- 




Print out the number of 
children entering the 
educational system 



Print out the number of 
dropouts from each unit 
(and for each K group if 
KPRINT(l) =1) 



Print but*' the 'number''^ o 
school leavers from each 
unit (and for each K 
group if KPRINT(2) - 1) 



Print out the student 
stock for each unit (and 
for each K group if 
KPRINT(3) = 1) 
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Restricted Entry Section 




The calculations below are carried out 
for each restricted imit M = 1 , NR(L) 



NO 




Print out the lonit 
number I = IR(M) , the 
preliminary stock, and 
the nxomber of supplied 
places 



Calculate the 'flow correction factor by 
which the total flow to I has to be 
increased or decreased to make the avai- 
lable places exactly filled up 



Correct the preliminary stock value by 
putting it equal to the number of supplied 
places. Correct the stock value for each 
K group by use of the flow correction 
factor 



Investigate what units are source units, 
i.e. imits J having a flow to the restricted 
imitl for at least one K group. Carry out 
the calculations 'below for. each such source 
imit 
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Calculate the part OD(k ) of the "over- 
demand" attributable to J and consisting 
of K students 



t 

Calculate for each K group the sum OPEN(K) 
of the transition coefficients from J to 
open units 



Carry out the following calculations for 
each K group 




There is a flow of K- 
students from J to open 
units: Distribute 0D(K) 
between these open units 
in proportion to the 
transition coefficients 
for K students from J 
to these units 



There is no flow- of K- 
students from J to open 
units. Add the "over- 
demand" OD(K) to the 
number of school leavers 
from J 



Repeat the procedure for next K value 



Repeat the procedure for next source unit 



Repeat the procedure for next restricted unit 
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Ap-pendix 2 



RESOURCE SUBMODEL 



The Resource Submodel is used to calculate resource 
requirements for each of the levels from the first one to level 
KML. (Notations in block letters are used to denote input data 
to the model )• NML may be inferior to the number of levels 
(=NMLF) for which the Flow submodel is usedc It is thus, for 
instance, possible to use SOM to calculate future student stocks 
for the entire educational system but to limit the resource cal- 
culations to primary and secondary school. 

As^mentioned in the main text, we distinguish between 
direct and indirect resource requirements. They are calculated 
in two separate subprogrammes , called RESD and RESI, respectively , 
which can be-used independently, that is one- can use either of 
them or both. The relationships between calculated quantities and 
inputs are quite simple in most cases, and it is thus hardly 
necessary -to give a det ailed description of- alLthese relationships 
We will limit the presentation below to give some general informa- 
tion about the inputs, the relationships and the outputs for the 
main calculations of the model. The direct and indirect resource 
subprogrammes are described separately overleaf. 
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I. DIRECT RESOURCES 

The following main types of operations are performed:- 

i) Physical requirements (teachers, space, equipment) 

ii) Physical investments (space, equipment) 

iii) Teacher salaries and other current costs 

iv) Capital costs corresponding to the calculated 
pl^sical investments. 

One can choose what calculations one wants to be carried 
out by use of a "steering vector" IN(l). IN(I) is put equal to 
1 if one wants calculation type I to be performed. There are the 
following choices: 

Calculation of teacher salaries. (If IN(3) = 0, that is 
if teacher requirements are not calculated, teacher 
salaries are not calculated even if IN(1) has been put 
equal to 1 ) . 

IN(2)l If IN(2) = 1 other current costs than teacher salaries, 

— that is maintenance costs for space and equipment are 

calculated: ^ If IN(2) = 2 "current costs" are calculated 

directly on the basis of the current cost per ^^i^,^_<lent , 
COSTPS, which is then read in as an input, anc?^ m^^ 
the basis of calculated physical resource requln^^^sl=ii'^Xl1yw 

IN(3) [_ Calculation of teacher requirements. 

Ii;r(4) :_ Calculation of space requirements, that is number of 

rooms (classrooms and special rooms) and corresponding 
area. 

IN(5)i. Calculation of equipments. > i 

IN(6) Calculation-of capital costs corresponding to the 
calculated'' "investments" . 

Iisf(7) : IN(7) has to be put equal to 1 if one wants to use the 

direct resource subprogramme RESD.. IN(8) = 1 means that 
the indirect resource subprogramme RESI should be used. 

Direct Physical requirements 

The direct physical resources, that is, teacher, space 
and equipment requirements, are calculated separately for each^ 
iHiit and activity and then summed up for the different activities 
and iHiits. Calculations concerning each of these three tvpes of 
resources can be excluded if so desired, (see IN(3), IN(4) and 
IN(5) above). 
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For each unit and activity a card with the follovdng 
three types of input data arp read in:- 

(i) general activity data, that is: 

activity code number (NOACT) 

weekly hours or periods (WHO) 

class-size (CLSZ), if different from 
the normal one 

proportions of students taking the 
activity (PEEC) 

(ii) equipment data, that is: 

equipment code number (NEQ) 

utilisation ratio in percentage (EQCOEF) 

additional current cost (CURST) 

(iii) teacher data, that is: 

teacher category code number (NQ) 

ratio of the required teaching hours 

handled by teacher of category NQ (PQ) 

weekly teaching obligations (WHT) 

yearly teacher salary (SAL) 

For each unit and activity the first step is the calcu- 
lation of class hours (= c^iou^t) on the basis of (i), i.e. the 
general activity input data, and the total' number of students 
(= ^r^-^Lul ) in the unit, calculated in the Flow submodel. 

oLtut^ = (ytuxL * WHO * PERC/CLSZ 

The required number of teachers is obtained from the 
number of class hoxirs and the weekly teaching obligations 
(= cJu>u/a /\JE^) . It may happen that different teacher categories 
are required for the same activity and unit and that the different 
categories have different teaching obligations end different 
salaries. This depends on how the activities and the teacher 
categories have been defined. If, for instance, science has been 
defined as one activity and Math teachers, Chemistry teachers etc. 
are defined as different teacher categories, we need several 
teacher categories for the same activity. In this case a set of 
the teacher input data (iii) listed above is read in for each 
teacher category as well as the number (= NTE) of different teacher 
categories. The required number of teachers of each category iNQ(^) 
is then obtained as 



Mu/t^ 4 PQ(^) / WHT (A) 
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Certain summary results as to teacher requirements 
are calculated such as: 

• ;a) total . requirements for each unit (Table 2) 

b) " total requirements for each category for each 

level (Table 12) 

c) total requirements of each category for the 
different levels together (Table 12) 

The tables mentioned above within brackets refer to 
computer outprint tables, the content of which is outlined in the 
flow-chart at the end of this Appendix. 

The pupil/teacher ratio is calculated for each \init as., 
the ratio between the total number of pupils and the total number 
of teachers in the unit (result print.e^d^^.out in Table 2). 

It should be observed that the number of teachers only 
depends on the pupil/teacher ratio and the number of pupils. This 
means that it does not matter for the teacher calculations if 
data on, for instance, weekly periods for the pupils and we,ekly - 
teaching obligations are not available if the pupil/teacher ratio 
is known. In this case any data for weekly periods and teaching 
obligations can be used" if they correspond"" to the" correct pupil;/ " 
teacher ratio. 

After the teacher requirements have been calculated for 
the activity the corresponding teacher salaries are calculated 
(if IN(1) =1). r 

The next step in the calculations concern space require- 
ments . The type of space required is obtained from the activity 
code number (NOACT, see (i) above) as the space code number has 
been assumed to be a direct f\inction (NSP(NOACT) , a vector read 
in as input) of the activity code number. Furthermore, the cal- 
culations of space requirements are based on the assumption that 
the rooms are required for the same number- of weekly hours as the 
corresponding activity. The room area is assumed to. depend only 
on type of space and class size, and to be a linear fiinction of 
class size (= AA(NS) + BB(NS) * CLSZ, NS is the space code number). 

The number of rooms required is obtained by dividing the 
number of class hours by the average utilisation time (= VSPQNS)) 
of the room type in question. The corresponding area is obtained 
after multiplication by area per room. 

pertain summary results for space requirements are calcu- 
lated and can be printed out: 

a) room requirements by type and \init (Table ^0 

b) area requirements by type and unit (Table 5) 

c) room requirements for each block of \inits and 
for the level (Table 7) 

d) area requirements for each block of \inits and 
for the level (Table 8) 
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After the area requirements for an activity in a unit 
has been calculated the corresponding current cost is obtained 
(if IN(2) = 1) by multiplication with the current cost per square 
unit (= CURSP(NSy for space type NS). 

Equipment requirements are calculated if IN(5) = 1 and if 
NEQ / 0, that is if any specific equipment is used for the activity 
in question. The calculations are analogous with those for space 
requirements with the exception that the required number of equip- 
ments is multiplied by a utilisation coefficient (= EQCOEF) as the 
equipment, e.g. a T.V. set, may not be required the entire time 
of the activity. 

Current costs are obtained by multiplying by the corres- 
ponding unit cost (CUREQ(NEQ)). To this cost is added a current 
cost for "equipments" which have not been given special code 
numbers but only taken into acco\int by an annual cost (= GUEST) 
per student for the activity in question. School-books are an 
example of equipment which may be treated as such an annual 
student cost if one is not interested in calculating the required 
number of different school-books. 

Current costs 

-Certain .summary current costs are calculated on -the basis 

of the current costs, obtained for each unit and activity: 

a) current cost per unit (Table 2) 

b) current cost per student for each unit and for 
the level (Table 2) 

c) current costs per blocks of unit 

' " ^ d) teacher salaries, space maintenance costs and 

total current^'Cb'sts for each type of activity (Table 3) 

Sometimes the data needed for the calculation of physical 
requirements and the conversion of them to current costs are not 
available or sometimes the current costs per student have already 
been estimated. The resource model can also accept the (direct) 
current cost per student for each unit as inputs. (IN(2) =2). 
On the basis of these inputs it then calculates the current cost 
per unit, block and level. 

Investments 

The investment requirements over a certain period of time 
depend, of course, on the existing stock of various resources and 
on future requirements. The extent to which the existing stock can 
be used for the original or for other purposes is also, of impor- 
tance. It is, for instance, usual that there is a migration from 
, rural areas to urban areas. It may, therefore, happen that existing 
school-buildings are not fully utilised. ' If under-utilisation is 
frequent " the various school forms have to be given different unit 
numbers (or^-rural and urban areas, can be simulated separately) and 
the rural units coimted to blocks different from corresponding 
urban units. The model then calculates the investments required 



54 



for each block by subtracting a "comparison stock" from the 
calculated resource requirements. When calculating the required 
investmennfi between year T1 and T2 the comparison stock should, 
of course, equal the existing stock year T1. However, if T1 is 
a future year this stock is usually not knov/n. The same often 
seems to be the case even when T1 is the present year (called the 

base year for the model)/ The present "^computer p^^^ T'' 

therefore so designed that the resourc^e requirements for the base, 
year are calculated and taken as comparison stock. If there is a 
shortage-' (or over-supply) for the base year, this should be added • 
to (over-supply subtracted from) the investment requirements . 
calculated by the model. , ' 

The calculation of investments for each block is based on • v 
the aJ3suxipT;j.on that resources can be shared within blocks but not 
between different- blocks. The calculation of total investments 
for the level assumes that resources cannot be shared between blocks 
if ESHARE = 0 and that they can be shared if TTSHAEE =1. 

Calculated room investments for each block and level are 
printed out in Table 7 and the corresponding area investments in 
Table 8. Required equipment investments are given in Table 9* 

Capital costs 

In principle, the capital costs equal the acquisition 
costs that correspond to the investment requirement;^. Capital costs 
are calculated for each type of space and equipment from the calcu- 
lated investments and the capital cost per square unit 
/P CAPP(1,NS)7 of space type NS and the capital cost per piece of. 
equipment /= CAPP(2 ,NEQ>7. The calculations of capital costs by 
type and block (Table 10), are based on the assumption that 
resources can be shared within blocks but not between different 
blocks. Total capital costs by block and for the level for space 
and equipment together are printed out in Table 11. . 

The capital costs are obtained for the total time period 
between the base year and the year under consideration. How these 
costs are distributed between various annual budgets cannot be 
calculated directly as this depends on acquisition time, contract 
conditions, etc. 

The calculations described above are illustrated by a 
Flow chart on pages 58 to 63. The calculations are repeated for 
each level and^ f or each simulation year. 

Required input data have partly been presented above in 
connection with the de5?cription of their use in the programme. 
The input data requirements are given below for each type of 
resource to give a more complete picture of how the different 
resources are described. 
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Space input data: 



NSPACE: 



AA 



BB 



NSP: 



WSP: 



-CUESP: 



CAP?: 



Number of different types- of space, the need of 
which is directly connected to the curriculum. 
The definition of the space code number NS as 
well as NSPACE may vary between levels (NSPACE 6) . 

Area coefficients. The same code number (direct 
requirements) has been assumed to imply the same ~* 
current (maintenance) cost and investment cost per 
square unit, but the area may vary with the class 
size CLSZ. 

cucea. = AA(NS) + BB(NS) * CLSZ 

BB is put equal to 0 if the area is independent of 
class-size. 

NSI?(NOACT) is a vector defining the space code number 
as a function of the activity code number NOACT. 
(NOACT<NACT). The activities have to be so defined 
that the same activity code number always corresponds 
to the same type of space. NSP = 0 if space is not 
required for the activity in question. NACT is the 
maximum activity code number (NACT<35). 

WSP(NS) is a vector defining the number of hours per 
week that space type NS can be used (NS^6). 

CUESP(NS) is a vector defining the current cost per 
square unit for space type NS. CUESP thus corresponds 
normally to the yearly class room maintenance costs 
including certain equipment. (NS<6). 

CAPP(1,NS) is the capital cost (acquisition cost per 
square unit of space type NS). 



Equipment input data: 



Number of different types of equipment, the need of 
which is directly connected to the curriculiam. The 
definition of the equipment code number NEQ as well 
as NEQJ1 may vary between levels (NEQf'i<5). Only more 
important equipment (T.V. sets , computers , etc.) is 
talc.sn into account this way. Equipment that directly 
belongs to the classroom (e.g. blackboards, chairs, 
chalk, etc.) does not need to be treated' separately , 
but can be included in the space calculations. Their 
costs have then to be included in the corresponding 
current and capital space cost (cf. CURSP(NS; and 
CAPP(1,N3)). Equipment for which one does not want 
to calculate required investments and the need for 
which can be considered to be proportional to the 
number of students, e.g. school-books, can be treated 
by including their yearly cost in CURST, which can be 
read in for each unit and activity. 
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NEQ— EQCOEt': VoT each activity and xmit that a piece of equipment as, 
needed one reads in its code number NEQ and utilisa- 
tion coefficient EQCOEi' on the activity data card* 

VEQ: VEQ (NEQ) is a vector defining the number of hours 

per week that equipment type NEQ can be used. 
(NEQ<5). - - 

CUREQ: CUREQ(NEQ) is a vector defining the current cost, that 

is in principle the maintenance cost, for each piece 
of equipment tvpe NEQ (NEQ<5). (cf. definition of 
GUEST and NEQ?1 J . 

CAPP: CAPP(2,NEQ) denotes the capital cost per piece of 

equipment of type NEQ. 

Input data of investment- calculations 

NBLOCK: KBLOCK(T) is a vector defining the code number of the- -^^ 

block to which the unit I belongs. If, for instance, 
NBL0CK(5) = 2, then unit 5 belongs to block 2 
(cf. definition of KBLOCK and NSHAEE). Each unit is 
assumed to belong to one and only one block. 

Number of blocks in. the level in question. Blocks 
are defined as groups of units for v;hich one wants to^ 
calculate resource requirements and/or investments 
and/or capital- costs. (0<MBL0CK<5) . The. choice of , .:. 
blocks has a specific meaning for investment calcu- 
lations, see definition of NSHAEE. The block concept 
is also used in connection v/ith the calculation of 
indirect resource requirements. 

NSHAEE : Code number defining resource sharing alternative. 

If NSHAEE = 0, one assumes that resources can be 
shared between units within the same block but not 
between blocks. This means, for instance, that if 
the resource requirements for one block for year T 
have increased in comparison with the base year but 
decreased for another block, the under-utilised 
resources for the second block cannot be used for the 
first block. The total increased resource need for 
the first block is thus counted as required invest- 
ments. NSHAEE = 1 means that resources can be 
shared between all the units in a level. 

Variation of input data 

All input data listed above can vary between levels. NML, 
IN (see page 50),MAXNQ, LPEINT and CIND are the same for all levels. 



NBLOCK J 



HAXNQ: 
LPEINT : 



Total number of categories of teachers < 



Outprint selection vector, 
should be printed out. 



LPEINT(I) = 1 if table T 
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CIND; CIND(I), (I =: 1,4) is a vector denoting the yearly 

cost increase factor for current costs. The increase 
may, for instance, be due to inflation or salary 
negotiations. CIND is constant for each year of the 
simulation. 

CIND(I) is the cost increase factor for space. The 
yearly current cost for one square unit of space type 
NS year *S is thus assumed 'to be: 

CINDd ♦ CUESP(NS) 

CINDd) should thus be put equal to 1 if there is no 
cost increase. 

CIND(2) is the corresponding cost increase factor 
for equipment and CIND(4) for teachers' salaries. 
If costs are calculated on the basis of current costs 
per student (cf. IN(2) = 2 and COSTPS) the cost 
increase factor for COSTPS is CIND(3). 

All input data have been assumed constant over time except 
the current cost data v^hich can be adjusted by use of the cost 
index CIND defined above, 

A complete description of input data formats and the RESD 
subprogramme is given in Part II of this report. A general des- 
cription of the organisation of the calculations_in the programme 

is given in the flow chart follov/ing. 
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RESOURCE SUBMODEL (DI RECT REQUIREMENTS) 



115 

Read data block CI 
Current cost da?:a for 
space and equipment 



117 

Read data block D 
Capital cost data 



T 



140 

Update data block CI 
by multiplying all 
unit costs by a 
factor 




Read data block C2 
(Current cost per student) 




<0 




130 

Update data block C2 
by multiplying per 
student costs by a 
factor 



Registers are put 
equal to 0 



124 

Determine cost factor 
COSTF 



Simulate (up to 400) for each 
unit I = NF, NU 



I _ register are put equal to 0 
.STUD = NMT(I,L). 



o 
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150 

Simulate (up to 350) for 
each activity: 


1 — ^ 








J - registers are put 
equal to 0 



175 

Calculate teacher 
requirements . Put 
results in I and 
type registers 



Read data from block B, 
curriculae data for one 
activity for unit I 



i.e. 



190 

Calculate teacher 
salaries. Put results 
in I and ACT - registers 



Calculate class hours 




162 

Calculate : 

1) space code number 

2) space requirements 

3) area requirements 

4) add to I - register 





165 

Calculate current space 
-cost and add ^t to I and 
ACT registers 
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NO 





YES 



Fill up register 
for total current 
costs 



Repeat the operations 
from 150 for the next 
activity in unit I, 
if any 




210 

Calculate equipment . re- 
quirements. Add results 
to I and NEQ - registers, 




Calculate current costs for 
the equipment calculated 
above as well as for equip- 
ment of mn-investment type 
cost-index taken into 
account 



356 

Add unit I data to summary 
registers. Calculate the , 
student/teacher ratio. 



390' 




Calculate -*-otal 


current 


cost for u>i..c i 


from 


C2 data 






375 

Add unit I cost data to 
summary registers. Cal- 
culate current cost/ 
student' 




Repeat the operations 
from I for the next 
unit if any 



999 

Print out table 1 for 
unit I 



61 



- 61 - 




990 

Print out table 2'. 



408 

Print out table 3 



423 

Aggregate current costs 
by level and by blocks 



Aggregate space require- 
ments by level and. by 
blocks 



441 

Aggregate equipment-. re- 
guigjmegts by level, and 



451- 

Print out table 4 (room 
requirements by unit and 
type; 



456 

Print out table 5 (are.'a 
requirements by lonit 
type) 



Print out table 6 (equip- 
ment requirements by 
unit and type) 



600 

Calculated resource re- 
quirement per block are 
put equal to the com- 
parison stock 
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VW.ct 


610 

Calculate space investments 
for blocks and the level 
for NSHARE=0 


NO ' 
NO ' 






=1?^ 




651 

Calculate equipment in- 
vestments for blocks and 
the level for NSHARE=0 




Calculate space investments 
for the level (NSHARE=1 ) 



Calculate equipment invest- 
ments for the level 
(NSHARE:=1 ) 



920 ' . 

Print table 7 (room require- 
ments and investments for 
blocks and the level) 



Print table 8 (area require- 
ments and investments for 
blocks and the level) 



Print table 9 (equipment 
requirements and invest- 
ment for blocks and the 
level) 
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K=1 



NO 



900 
END 



YES 



712 

Calculate capital cost 
corresponding to in- 
vestment type K. (K=1 
is space and K=2 
equipment ) 




Print table 10 (capital 
costs type K) 



780 

Print table 11 (capital 
costs for space and 
equipment) 



NO 




YES 



786 

Calculate teacher re- 
quirements for all the 
levels together 




790 

Print out table 12 
(teacher requirements 
by category for all 
levels) 
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II. INDIRECT RESOURCES 

The calculation of indirect resource requirements is 
carried out in the subpro gramme RESI . 

Indirect or additional resource requirements consist 
of those educational resources which are not directly connected 
with the curricula. Functions other than the teaching function 
may, for instance, be: 

Administration 

Medical and .^iocial Services 

Libraries 

Scholarships and subsidies paid out to students. 

Such support functions are usually proportional to the number of 
students and fairly independent of unit number within certain , 
limits. Obviously, primary schools and universities require quite 
different types of libraries- etc. To what extent there are varia- 
tions within the same level depends on how the levels have been 
defined. The model design is based on the assumption that the 
requirements are proportional to the number of students in each 
block and that the factor may vary between the different blocks . 
of a certain level and betv/een levels. 

There may be resource requirements which are not generated 
directly by the students. Research facilities for instance, may be.,. 
required by university teachers. Such a possibility has been taken: 
into account in the model by the introduction of a code number 
(see definition of MI below) which defines what factor (the nximber ' 
of students or teachers, for iniance) is the generator of the 
resource requirements. 

There are various more or less detailed methods of simu- 
lating indirect resource requirements. In a detailed simulation 
one could use the number of different types of ^' items" (nurses, 
administrators, offices, library books, etc.) per student, as 
input data, and then calculate total requirements both for the 
items and along functional lines. This may be a desirable approach 
on lower decision levels (e.g. individual schools). On higher 
decision levels, however, input information about less important 
"items" is not available, nor is output information concerning 
such items of interest. As the Cost estimates will be biased dom- 
wards if noh all items are included, we have chosen another more 
aggregated and function-orientated approach in the model. 

As input (= KATF) for each block we use the number of 
students (or teachers) which corresponds to one "unit" of different 
functions, for instance, 500 students require one library of normal 
size. For each resource type IB the corresponding area (= ARC(1^IB)) 
current cost (= AKC(2,IB)) and capital cost (= ARC(5,IB)) are given 
as input. 
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or primary interest is the following output 
information: 

(i) total requirements as to certain key types 
of personnel and space; 

(ii) total requirements for each level and for 
blocks of \mits as to space, current costs, 
and capital costs for each main function and 
for all the functions together. 

We v;ill illustrate by an example how input data have to 
be defined to obtain these two types of output. 

A medical service usually required personnel (doctors, 
nurses, etc.) and space and equipment. We define a normal size 
medical function, with: 

(1) the area required (= ARC(l,l)); 

(2) the annual cost which thus includes salaries, 
maintenance costs for space and durable equip- 
ment and acquisition costs for non-durable 

. pieces of equipment (= ARC(2,l)); and 

(3) the capital cost v/hich equals the set-up cost 
of a new installation (= ARC(5,l)). 

The computer programme then calculates the total number of 
installations and corresponding sp^s^'-'^'n requirements and current 
costs in the coiintry or school di^^i;xict being studied. By compar- 
ing the requirements with the comjai i.son stock (i.e. base year's 
requirements, e-f. page 54) required investments and capital costs 
can then be calculated. This gives us output information of type 
(ii) but not directly data of type (i)v for instance, not the 
number of doctors required. This can be obtained indirectly by 
deducing it from the calculated niomber of medical "functions'* 
required. It can, however, also be obtained directly from the 
model by adding one fictitious function and corresponding data, 
that is the average number of pupils or students that corresponds 
to the need of one doctor. To avoid double-counting, the new 
"object*' or function has to be associated with zero current cost 
(obviously also 0 space and capital cost) as the doctors' salaries 
already have been included in the general input data for the 
medical function. 

If one does not want to calculate costs, one can exclude 
the cost calculations by use of the steering-vector INN. Current 
and capital costs are not calculated when INN(l) and INN(2), 
respectively, are put equal to 0. 

JPRINT(I) is a printing vector v/hich is put equal to 1 
if table I should be printed out, otherwise JPRINT(I) = 0. 



I 
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All input deta except INN, JPRINT and COSTFI (a cost- 
index) may vary between levels but not betv/een different simula- 
tion years. The unit current cost can still be made to vary over 
time by use of the cost-index COSTFI. For each simulation year T 
the uJiit current cost for the resource type IB is calculated in 
the programme as: 



AEC(2,IB) * COSTFldB)"^ 



ource subprogramme RESD is not used, 
e v/ould have been inputs to RESD cr 
be inputs to the indirect resource 
s true for NSHARE, MBLOCK, KBLOCK 
JTRG('1,J) is the required mmber of 
is only needed as an input if there 
direct resources that depend on the 
e niomber (NHI) determines whether the 
on the number of students or the number 



COST?! (IB) should thus be put equal to "1 if the current cost for 
a "luiit" of resource type IB does not change over time. 

If the direct res 
certain data that otherwis 
calculated in RESD have to 
subpro gramme RESI. This i 
(see pp. 55-36) and JTRG. 
teachers in block J, JTRG 
are su^y requirements of in 
nvjnber of teachers. A cod 
required resources depend 
of teachers in the block. 

The calculated results are printed out in seven different 
tables. The content of each table is explained belov/. 

Table 1 Required numbers of each resource type for each block 

~ ' and for the level (e.g. the required number of libraries, 

oi'fice rooms, doctors, etc.). 

Tablet s Required area of each resource type for each block and 
for the level. 

Table3 Required investments, expressed in numbers, of each 
resource type, for each block and for the level. 

TableJi: Required investments, expressed in area, of each 
" resource type for each block and for the level. 

Table_ ^ Required current cost's of each resource type for 
each block and for the level. 

Tablet s Required capital costs of each resource type for 
' " each block and for the level. 

Table 7 If the Direct Resource submodel has also been used, 

Certain summary results for direct and indirect 

resources are printed out. These are area require- 
ments, area investments, current costs and capital 
costs for each block and for the level. 



RESI has been designed for the calculation of indirect 
resource requirements, that is other resource requirements than 
those directly generated by the teaching function. RESI may, 
hov/ever, in certain cases also be used for rough* estimates of 
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direct resource requirements. If, fox** instance, the student/ 
teacher ratio can be assumed constant for the different units 
belonging to the same block and if this constant is known, the 
required number of teachers and their total salaries can ..be 
calculated in RESI. Different categories of teachers can be 
distinguished between if the student /teacher ratio is known for 
each category. This ratio is not assumed known when RESD is 
used, but calculated in the RESB programine on the basis of such 
inputs as class size, curriculum data and teachijag obligations. 

The input data needed for RESI have been mentioned 
in the text above. They are listed below together with detailed 
definitions, and with some comments concerning differences that 
occur when RESI is used with or without RESD, A flow-chart 
illustrating the organisation of the calculation^ in RESI follows. 

Input Data: 

The variables IN, IIIN, JPRINT and COSTpI are the same for 
all levels; the others may vary between levels. 

IN :_ IN(I) determines for I = 1,6 what calculations in 

RESD are to be carried out- 
IN(7) = 1 if RESB should be included. 
IN(8) = 1 if RESI should be included. 

INN: Vector determining what types of calculations 

are to be carried out. 

INN(l) = 1: Calculation of current costs. 
INN(2) =1: Calculation of capital costs. 

_JPRINT : The printing vector JPRINt(I) is put equal 

to 1 if table I should be printed out. other-' 

wise JPEINT(I) = 0. Outppints for, one or ; . 

more of the simulated years can be skipped 

when one wants it; see definition of MYEARO 

and nYEAE(NIR). 

COSTFI ; COSTFI(IB), (IB = 1,10) is a cost-index vector 
denoting the yearly cost increase .factor for 
current costs for object IB. COSTiFI(IB) niust 
not vary between levels. 

If the Direct Resource subprogramme EESB is not used, 
Xn^SHARE, riBLOCK, NBLOCK and JTRG are read in as input. NSHARE, 
MBLOCK and NBLOCK are defined in the same way as when they are 
inputs to RESB. JTRG(l,j) is the required numbers ^of teachers 
in block J. A blank card can be left for JTRG(1,J) when there 
are no indirect resources, the need of which depeii^is on .the 
number of teachers. 
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Number of different types of objects. lOBJ 10 
lOBJ may vary between levels. 

NNI(IB) are code numbers equal to 1 if the re- 
quirements of ''object" type IB are proportional 
to the number of pupils in the block. NNI(IB) 
is equal to 2 if the requirements are proportional 
to the number of teachers in the block. 

The elements of the matrix MATF(J,IB) define the 
relationship for each block J between the number 
of "objects" required and the number of pupils 
(or teachers). The nxruber -15^1, J, IB) of objects, 
type IB required in block J equals 

J1?(1,J,IB) = KKTB(l,J)/t1ATF(J,IB) 
if KWI(IB) = 1. 

1IMTB(1,J) is the number of pupils in blocK J. 

ARC(I,IB), 1=1,2 and 5 respectively, corres- 
ponds to area, current cost, and investment cost 
for object IB. 



INDIRECT RESOURCE REQUIRENEtTTS 




1040 



Calculate for each block and 
for the level the required 
number of "object" IB and 
corresponding area 
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YES 



NO 



1110 

Calculated required num-" 
bers are p\'.t equal to the 
"comparison stock" for 
investment calculations 



1150 

Calculate for each, block and for the 
level the required investments of 
"object" type IB and corresponding area 



15.00^ 
END> 




1180 

Print out table 3 (required 
Jjivestuients of IB for each 
block and for the level) 



1195 

Print out table A (area 
investments of type IB for 
each block and for the 
level) 



1210 

Calculate cost requirei^ents 
K=1 current costs 
K=2 capital costs 



If : repeat ...oper ations 
from :\205 I'or K=2 
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YES 



lAlO 

Calculate total d 
direct area and c 


irect and in- 
ost requirements 






Print out table 7 (for each block 
and- for the level area require- 
ments, area investments, current 
costs and capital costs ) 



1500 
END 
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Appendix 3 

TEACHER SUPPLY SUBMODEL 



The teacher supply stock divided up into different 
teaching categories ,is calculated in a subprogramme called 
TESU which can either be used after the Student Flow sub- 
programme or the Resource subprogramme. 

The relationships between calculated quantities and 
inputs are quite simple in most cases and we will limit 
the presentation below to give some general information 
e/lout the inputs, the relationships used and the outputs 
for the main calculations of the model. 

The total teacher stock is submitted to the following 
changes at each time period: 

Outflow 

(1) Death 

(2) Retirements 
Inflow 

(1) Graduates coming: from the educational system 

(2) Met inflow of ex-t eacihers and people from other activities 

(3) N'et inflow of immigrants 

{^^ ) Internal chang;es 

The time t in the model is so crei'ined that t = 0 is 
the base year for which the teacher stock ^ TSBY(MQ)^7 for 
each MQ. category is assumed to be known. 

The base year stock is updated each year and u;3noted 
-t'J/L^(MQ) (variables in block letter^, are inputs to the model; 
the others are calculated). 



1. Outflow 

The calculation of deaths and retirements requires 
knowledge of the age distribution of the teachers, informa- 
tion is assumed to be aggregated according to chosen age 
intervals. Following the quality of the information available 
two alternatives are possible for the base year input, 

NAGHD = 0 The age distribution can be e.stimated for each 
NQ group (teacher Qa.^\e^ory) separately. - 

P(WQ,I) = Proportion of the number of teachers 

in group NO. be"^ onging to age interval I 
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NAGED =r 1 The age distribution can only be estimated for 
the total teacher stock and the model assumes 
that the same distribution is valid for each 
NQ category. 

Fd) = Proportion of the -total number of 
: teachers belonging to age interval I 

The change in the. age distribution during the simulation 
period is not calculated in the model. As the number of 
deaths and retirementrs is small in comparison with the 
total number of teachi^rs, the general accuracy of the 
model does not normally require this type of refinement. 
A change in the age distribution over time can be read in 
as input if it is estimated exogenously. 

1 . 1 Death outflow 

Death rates DR(J) as a function of age J are inputs for 
the base year. 

The mean death rate, d{l)s for each age interval I is 
then calculated, ; 

The number of deaths for each teaching category (d^c(NQ)) 
is calculated by summing up over-all age intervals 

<£(!) . F(NQ,I) . TSPY(NQ) if NAGED = 0 
d(l) o F(I) . TSPY(NQ) if NAGED = 1 

Summary results are calculated for all categories. 

1.2 Number of retirements 

The necessary input data being the retirement age for 
each category, we distinguish between two cases: 

IRET = 0 The age interval containing the retirement age 
is the same for all NQ categories. The number 
(INTR) of the age interval containing th^- 
retirement age is input , 

IRET = 1 The retirement age belongs to another age- interval 
for at least one NQ category. The number of the 
age interval, INT(NQ)V containing "the retirement^ ^ 
age is read in separately for each category. 

The two possible age distribution cases multiplied by the 
two possible input cases for the retirement age lead to four 
possible calculations. The number of retirements, '^e^(NQ) , is 
obtained in the following way. If NAGED = 0 and IRET =1, 
>ce^(NQ) = TSPY(NQ) . F(NQ, INT(NQ) )/-€(lNT(NQ) ) (INT(NQ) ) being 
the length of the age interval containing the retirement age. 



74 



- 75 - 



2. Inflows 

2.1 Graduates coming from the educational system 

In order to translate the graduates from certain" 
producing units (teacher colleges or university), we need 1. 
the following input data. 

A branching indicator as to the quality of information 
to be used. 

The Student Plow model does not distinguish between 
male and female. 

There are several student groups in the Student 
Plow submodel; each of them contains only male 
or only female students. Male groups are 
referred to by MG(K) = 1, and 0 otherwise. 

Por each level L: 

- The code numbers, IR(MT), of units which ''produce" teachers. 

- The stock of students, NN(I,K,L), of each producing unit 
for year - 1 if is the simulation year, where 

■ I = IR(MT). 

" The ratio of students from unit J who pass the examination 
in year-e- 1 and belong to category NQ: PQ(NQ,I,L) 
(rate of .success ) . 

" The ratio of those from unit I who graduated in category NQ 
(year - 1) and who chose the teaching profession: 
PP(NQ,I,L) (rate of choice). 

If MP = 1 two sets of ratios are defined, one for male 
stuiients and the other for female students. 

.The" yearly addition from the educational system into 
,cfitesory NQ ( •^ce<^(NQ)) is obtained by summing up over-all 
producing units and levels the following expression (if MP = 0) 

PP(MQ,I,L) . PQ(NQ,I,L) . mt^{l,L) 



where nb^ls the sum for all students groups in unit I. 

The case MP = 1 leads to a similar calculation in which 
there are two expressions instead of one, i.e. for all (I,L) 

PPO(NQ) . PQO(NQ) . mm^-h PPl(NQ) . PQl(NQ) . n/^ 

tim<f= number of male students in (I,L) 

= number of female students in (I,L) 



MP = 0 
MP = 1 



75 



- 76 - 



Sensitivity Analysis 

The Teacher Supply submodel has the imbedded possi- 
bility of running sensitivity trials as to the value of the 
inflow from the educational system for small variations of 
the "rate of success" and/or the "rate of choice . As the 
total stock of teachers is a linear function of different in- 
and out-flows, the variations in the inflow from the 
educational system are variations in the total stock. It 
has been said earlier that the "rate of success could be 
interpreted as a policy variable, different values for this, 
parameter being the measure of different policies as to the 
production of potential teachers. On the other hand, the 
Vate of choice" is the result of factors such as labour 
market prestige attached to the teaching profession, teacher 
salaries, etc. on which information is partial, so this 
parameter is able to vary within certain limits which translate 
the uncertainty of the evaluationo The calculated variations 
In the teacher stock could be interpreted as the likely result 
of different policy alternatives for the production of 
potential teachers. 

For each ratio there is the possibility of trying three 
alternatives and assuming that the same type of policy is 
applied for each producing unit this will lead to a maximum 
of nine different values for the inflow fi:^om the educational 
system. 

2o2 Net inflow of non-active ex-teachers 
and people from other activities 

There are two cases as to the availability of data: 

IDA = 0 Data can be estimated for each year of the simulation 
period and for each category; these data are direct 
Inputs (^DCTC(NQ)) 

IDA = 1 The inflow is assumed to be a constant percentage of 
the existing stock of teachers the previous year. 
The set of percentages PT(NQ) is the input for the 
base year, and then 7toc^c( NQ) = PT(NQ) . TSPY(NQ). 

2.3 Net immigration 

This net inflow, denoted NITC(NQ), is assumed to be 
estimated for each year and read in as input. 

2.4 Internal flows 

These adjustments are optional and could be skipped if 
desired. In the model internal flows are treated as follows: 
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For each NQ category 

IQ number of internal flows flowing 

in NQ category 

NP(l) code number of the categories having 
a flow to NQ 

QPLOW(I) value of the flow from NP to NQ 

All these values should be input data. The updating 
of the teacher stock is then carried out by adding to the 
stock of each NQ category the flow from other groups and 
subtracting the corresponding values from their stock. 

The Teacher Supply submodel updates the teacher stock 
from one year to another by: 

- subtracting outflows and adding net inflows 

adjusting for internal changes. 

The calculations described above are illustrated in a 
flow chart. 

Required input data have been partly defined above in 
relation to their use in the programme. 

The input data requirements are presented below for 
each type of flow calculation to give a more complete figure 
of how the different in- and outflows are defined. 

TSBY : TSBY(NQ) is the stock of teachers of category NQ, 

in the base year. 

MAXNQ : Maximum number of teacher categories. 

Inputs for the death outflow 

DR • Dn(J) Death rate for each age J = 1, MAXAG 
N7 :• ■ ; ; N umber of age-intervals (NINT 9) 

N/'iGED r Code' xlumber^for the "age distribution data availability 

form- 

P : If NAGED = 0, P(NQ,l) is the proportion of the number 
of teachers in NQ category belonging to age interval I 

FQ : If NAGED = 1, PO/l) is the proportion of the total 
teacher stock in age interval I 



77 



78 - 



Inputs for Retirement Outflow 

IRET : IRET = 0 if the retirement age belongs to the same 
age interval for each NQ. category. 

IRET = 1 otherwise. 

INTR or INT(NQ) : 

Number of the age interval which contains the 
retirement age for IRET = 0 and IRET = 1 respectively. 

Inputs for the Inflow from the Educational System 

MP = 0 : no distinction according to sex of the inflow of 
graduates from the educational system* 

MP = 1 : otherwise. 

MG * : MG(K) is a vector where K = 1,NSG denotes the 

student group. MG(K) = 1 for male student groups. 

MTM : MI*M(L) is a vector which gives for each level L the 
number of units which "produce" teachers. 

Por each level L 

IR : IR(MT) gives the code • numbers of educational units 
producing teachers for MT = 1,MTM(L) 

KKOI : KKOI(NQ) = 0 if the category NQ is not produced for 
the level L processed. 

KKOI(NQ) = 1 otherwise. 
Por each L,NQ,MT 

MUP : MUP = -1 No alternative available for the "rate 

of choice" . 



MUP = 0 One alternative available, which could 
be smaller or greater than the "normax 
value . 

MUP = 1 Two alternatives are available.. 



MUQ : * Same definition for the "rate of success". 



Por MP = 0 



PQ : PQ(l) where I = 1,3 is a vector which contains 
three possible values for the "rate of 
■ success" of students from unit I = IR(MT) 
and level L who belong to category NQ. 

PP : PP(l) contains the three possible values of the 
"rate of choice" of NQ-graduates unit 
I = iri(MT) and level L who choose the 
teaching profession. 
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For MP = 1 

PQO ): Rate of success for male students 
PPO ): Rate of choice for male students 

PO 

pp ; Same definition as above but for female 



" "Inputs for the Net Inflow of "Ex-teachers" 

IDA : IDA = 0 The net inflow is read in as a direct input 
IDA = 1 Otherwise 

NXTC : NXTC(NQ) Net inflow of ex-teachers and people from 

other activities for each category. If IDA = 0, 
this input is read in for each year of the 
simulation period, 

PT : PT(NQ) The net inflow is defined as a fixed 

percentage PT of the stock of teachers 
of the previous year for each category. 
This set of percentages is read in for 
the base year. 

Inputs for the Net Inflow of Immigrants 

NITC : NITC(NQ) Number of net immigrants for each category. 

This input is read in for each year of the 
simulation period. 

Inputs for the Internal Flows 

KO = 0 If there are available data for the calculation 
of internal changes in the teacher stock, 

KO = 1 Otherwise, 

IQ : IQ(NQ) gives for each category the number of 
categories which have a flow to NQ 

NP : Code number of the category having a flow to NQ 

QFLOW : Number of ^^^t^^ who change from category NP 

to category NQ 

Internal Notations 



D 

DTC 
RET 



D(I) denotes the rate of death for age interval I 
DTC(NQ) number of deaths for each category 
RET(NQ) number of retirements for each category 
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TIES : TIES(NQ,l) Number of teachers coming from the 

educational system for each 
category NQ 



TIES(NQ,KA) • KA = 2,9 variation of TIES(NQ,l) 

following the different alternatives KA 



TSPY : TSPY(NQ) Number of teachers available in each 



category. This stock value is 
updated year by year for the entire 
simulation period. 



Inputs from the Student Flow submodel 

NN : NN( I, K,L) Number of students belonging to group K 



in unit I and level L, This information 
contains the number of students for 
year t - 1 and year t if t is the 
simulation year. The model uses the 
number related to year t - 1, 



NU 



NU(L) Number of units in level L 



NMLF 



Number of levels in the educational system 



NSG 



Number of student groups 
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a?£ACHER SUPPLY SUBMODEL 
Computer Flowchart 



In this flowchart, POUT(I) is a printing vector 
where pOUT(I) = 1 when table I is printed out. 



NO 



Is .it the first 
simulation year? 



YES 



Read structional data 
and teacher stock (TSBY) 
for each category NQ 



Calculate the 
mean death rat© 
per age interval 



Calculate the number 
of deaths for each 
category NQ 




Print out table 1 
deaths per category 
DTC(NQ) 



Calculate outflow due 
to retirements for 
each category NQ 




<::<]pouT(2) ^T?^;;::::^^ 

T NO 


Print out table. 2 
retirement per category 
RET(NQ) 


Calculate inflow from 
the educational system 
in the following way 
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L 1 



YES 



< 



Are there "producing" 
units in this level? 



> 



NO 



Read the nmber oi" 
students for f^'^: 
producing unit 



Go to next level 



Search what protiucing units 
are giving flow to each 
category NQ 



NO 




< 



Are the students 
by sexes? 



described 



Read one set of \ 

"translation" ratios \ 

(rate of success and j 

rate of choice) and the /* 

available alternatives / 
for each tinit 



Read two sets of 
^^translation" 
ratios and the 
available alter- 
natives for each 
unit 



Code the resulting 
alternatives for 
the inflow (KA ^9) 



Compute the inflow 
of new teacti^^s for 
each category NQ 



Compute the variations 
of this inflow following 
the different alter- 
*^^atives KA , each 
category NQ 



82 



- 83 - 



y Have all levels \ NO 

\ been processed? ^ 



?pUT(3) = 1? 



NO 



YES 



Print out table 3, 
number of ne^ teachers 
for each category and 
variations following 
different alternatives 
TIES(Nq,KA) 



Go to next 1-3 vel and 
do the same computa- 
tion cycle 



Read or compute 
lIow 



the., "ex-teacher" nex 
inf 3 




Print out table 4, 
number of ex-teachers 
and people from other 
activities NXTC(NQ) 



Read net inflow 
of immigrants for 
each category NQ 



Calculate the teacher stock 
for each category NQ by 
adding inflows and sub- 
tracting outflows 




NO- 



Internal changes are 
not computed, print 
out the teacher stock 
for each category 
TSPY(NQ) 
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Read for each NQ category 
the categories having a 
flow to NQ and the value 
jDf this flow 



Adjust stock numbers for 
each category and print 
out the teacher stock for 
each category NQ ' 
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Appendix ^ 



TEACHER COMPARISON SUBMODEL 



1 . O bjectives 

For each siniulation year this submodel will compare the 
teacher supply stock, calculated by the Teacher Supply sub- 
model, and the stock of teachers required as calculated in 
the Resource submodel, in order to show where unbalances occur. 
This book-keeping operation is straightforward, and the 
interesting part consists of designing policy alternatives in 
order to cancel or minimise unbalamces for each level and 
qualification group. The achievement of this goal is here 
only investigated within a set of restrictive assumptions. 
This submodel does not define all the policy decisions which 
could be taken when facing a ui-aripower structure different from 
the one desired; it only indicates certain short-term adjustment 
possibi] i ties . 

2. Policy Va s ables 

There are two possible approaches to solving the pr'oblem 
of minimising unbalainces. The demand approach consists of 
changing demand parameters in order to adjust the requirement 
to the available supply. The problem then Ta-ll's^'into 'the 
choice and definition of policy variables which could be, for 
example: class si2e^ teaching load, length of curricula, 
substitution of qualification. groups , etc. 

The model assumes that two parameters only are accessible 
to policy decision: class size and teaching load (weel^ly hours), 
Tne increase for each parameter is upper bounded (limitation 
of resources and labour). The model is bui7.t so as to show 
roughly how educational parameters would reset to unbalances 
created by a supply which is, most of the time, far from being 
adapted to requirements. These changes will not influence 
educational parameters for the following year's requirements. 

The supply approach consists of varying the supply stock, 
i.e, by changing its inflows. The conception of this 
simulation model does not allow a direct description of Policies 
such as speeding up the return of women " teachers into teaching, 
mainly because these policies do not entirely fall within the 
rea?m of educational planning. The only possibility which is 
dealt with is short-term adjustments, i.e. inflow alternatives 
without time lag. For this reason sensitivity analysis has 
been . mbedded in the Teacher Supply model, the inflow of 
graduates into the teaching profession i.. changed by acting 
on the rate of success and the rate of choice. These rates 
are assumed to be parameters sensitive to policy decision* 
The supply alternatives produced by the Teacher Supply submodel 
can be used to overcome or minimise unbalances that remain 
when certain adjustments of demand parameters have been carried 
out. 
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3. Method 

The method employed is only a trlar'which outlines the 
likely results for a limited number .of parameters of. a situation 
where supply and demand for teachers are f'aced and adjusted 
Por this adjustment a priority has been established between the 
parameters, this, of course, giving us an implicit preference 
function. It is assumed that when there is an unbai-ance, the 
parameter class size (number of students in each class ) is used 
first, i.e. before the parameter teaching load. This order 
3s chosen for two main reasons: class size changes can _ 
influence several teacher categories simultaneously and is 
therefore an unsuitable parameter for the final adjustment. 
The second reason assumes that authorities are likely to use 
first the less expensive resources. The relationship upon 
which the computations are based is obtained in the following 
way: 

If LEVr!;LT(Q) is the number of teachers of qualification Q 
required in a given level, we have the following expression: 

,„rV^NMT(l). W HC ( J ) , •, N 

LEVELT ( Q ) =2^ cLS(liI WKtIq.) ^ ^ ^ 

I, J 

Where: 

NMT(I ) - number' of students in unit I - ■ - 

CLS(I) - class size for unit I 

WHT(Q) - weekly hours of teaching for reacbci qutlif iG?3tiop Q 
WHC(J) - wcokly hours of curricula J which requires a t-^acher with 
qualification Q 

Let us call: 

- X the rate of increase/decrease for g1p.ss sxzcs of all 

units of the level j 

- ^ the rate of increase of weeKly hours of te^cWap; 

- > will be the resulting rate of change fcr -le required 

number of teachers with qualification 0, 

(l) becomes: 

, , NMT(I) • WHC ( J ) /p\ 

(1+5.) .E./ELT(Q) ( i+a:)CLS ( I j . ( l+^m ^W 

I, J . .. , . 

The division (l)/(2) yields: 

' +^)(l+xUl+^) = 1 
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This simple relation gives the possibility of computing 
the relative changes needed for class size and weekly hours 
of teaching without using the actual value of each parameter. 
It has to be, noted that any change in- class size Will change 
the value of.. teachers ' requirements for all qualifications 
. used inside a level; on the other he;nd, any change in weekly 
hours of teaching will affect only one qualification group. 

4. Procedure 

The classification principles used for defining teacher 
categories in the Teacher Supply submodel and the Resource 
submodel may or may not be the same. If they are different 
a translation has to be made before the supply of teachers 
can be compared with the demand. Data for such a translation 
are inputs to the Teacher Comparison submodel. The calculations 
in this submodel are organised as outlined below: 

(1) Test if theclassification principle used to define require- 
ments for teachers is identical to the one used by the 
Teacher Supply .submodel. If the classifications are not 
identical, proceed to a reaggregation in order to reach a 
unique clas.^if ication for both stocks. 

(2) Compute the distribtuion of the teacher supply belonging 
to each Q-group between the different levels of the educa- 
tional system. The distribution of teacher supply for 

- each-level -is -assumed to "be done-^proportTonally "to~-the 

calculated requiremt§hts for each level* 

(3) Compute unbalances for each level and Q-group by sub- 
tracting requirements from supply stocks. The results 
are printed out. 

(4) Balancing policies for each level: 

Compute, for the level which is being dealt with, the 
mean unbalance. 

If it is equal to zero, go to (c). 

If it is not, go to (a) or (b). 

(a) Compute for each level, and when there is an over- 
dernand, the rate of increase for class size; once 
all qualification groups (Q-group) have been dealt 
with, choose the minimum rate which will be applied 
to all units of the level. Continue to (c). 

(b) In case of general oversupply for the level, class 
size will be reduced. The policy employed will 
overcome the minimum oversupply which occurs within 
the level. The rate of decrease for class size is 
then applied to all units of the level. If this 
operation is processed, go to (c). 
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(c) Compute for each Q-group the rate of increase for 
the weekly teaching load in case of overdemand. 
If there is an oversupply^ for this Q-group, the 
weekly teaching load will remain unchanged or 
reduced depending on the limits of change which 
have been r^ad as inputs. The remaining unbalances 
and the sequence of rates of change for different 
Q-groups will be printed out. 

This computation cycle is " carried <)ut. for al^. levels. 

(5) Balancing policies for each Q-group: 

Once the previous computations have been done, the 
remaining unbalances are aggregated for each Q-group 
and printed out. If there exist supply alternatives, 
step 5 is then processed. 

If there is not any supply alternative available, the 
computations are terminated. _ 

ir the remaining unbalance does not lie within an 
acceptance interval, teacher supply alternatives are 
used. 

Two main policies can be applied, one for oversupply 
and the other for overdemand « The result of such a 

pol icy will be within a certain Interval ... due :.to.._.the, 

uncertainty or possible interval of change attached to 
the rate of choice (going into the teaching profession). 
These policies are assumed to be hypothetical, so their 
results do not update the teacher supply stock. 

5, Del'inition of Inputs 

Most of the inputs used by the Teacher Comparison sr*?- 
model are produced by the Resource and the Teacher Supi: .y 
submodels. The data needed are in relation to the con.^t^^f.;;-;r;s 
which bind the use of the so-called resources, clas;> si;'.e ena 
weekly teaching load. Some other information may be rf?quir^va 
in order to reach identical categories for both available 
teachers and required teachers. 

Ba se Year Inputs 

NGR i Number of coupie of categories which are equivalent 
in the new classification 

NGR - 0 if teacher supply and teacher demand categories 
are equivalent 

M : M(I) for I = 1,MGR is the reference demand category code 
number which should be kept in the new classification 
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PI : P1(I) for I = 1,NGR is the code number of a supply 
category which is equivalent to and which will 

be called M(l) in the new classification 

XMAX: Is the maximum rate of increase for any class size 

XINP: Is the maximum rate of decrease for any class size 

YMAX : Is the maximuin rate of increase for any teaching load 

YINFx Is the maximum rate of decrease for any teaching load 

Yearly Inputs 

Prom Resource submodel: 

NTEACH : NTEACH(NQ) iJQ = 1,MAXNQ number of required teachers 
for each category NQ 

LEVELT : LEVELT(L,NQ) number of required teachers for each 
category NQ and level L 

Prom Teacher Supply submodel: 

TSPY : .TSPY(NQ) number of available teachers for each 
category NQ 

TIES . TIES,(.NQ,KAJ : KA „.v=„.2,9~ variations-.or-.tha^teacher 

supply stock for each category NQ and alternative KA 

Internal Notations 

TSPYL : TSPYL(L,NQ) number of available teachers for each 
category NQ and level L 

DELTA : DELTA(NQ) unbalance for category NQ inside a 
given level 

DELTAT : DELTAT(NQ) total unbalance for ail levels related 
to category NQ 

DELTAS : DELTAS (L) unbalance of' teachers for each level L 

A positive unbalance means an oversupply, a negative one an 
overdemand . 

Por both L and NQ: 

Z : rate of change for the number of teachers required in 
order to overcome the disequilibrium between supply 
and demand in category NQ 

X : rate of increase/decrease for all class sizes of all 
units of the level L 

Y : rate of increase/decrease for the teaching load of 
teachers category NQ 
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TEACHER COriPARISON SUBMODEL 



Computer Flowchart 



Read in central memory core 

Number of available teachers for each NQ 

Number of required teachers for each L,NQ 



NO 



-A 



First simulation year ? 



Reaggregation vf different 
teachers » categories 



Calculate- the number 

of available NQ-teaChers 

for each level L 



> 



YES 



Read constraints on demand 
parameters: XFiAX, XDEC., YMAX. 
Read instructions for re- 
aggregation of different 
categories . 



CG^rculation of unbalances 



Supply - Demand 

For each L and NQ 

For ea'C:h NQ 

For each L and for the 

entire., system 



Unbalances are printed 
out for all levels of 
aggregation 



o 

ERIC 
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Balancing policies - Demand parameters. 
These policies are used for each level 



L = 1 



YES 



For category NQ calculate the i-elative 
change Z needed for the number of re- 
quired teachers 



1 



- ^Is there an oversupply for each category?^- 



NO 



Calculate the minimiam 
rate of decrease for 
class size 



NO 



Go to next level 



Calculate the minimum 
rate of increase for 
class size 




Calculate for each NQ- 
category. When over- 
demand: the rate of in- 
crease for teaching load. 
When oversupply: the rate 
of decrease for teaching 
load. Print out the 
sequence of rates of change 
and the remaining 
unbalances. 



•^Have all levels been processed^ 





YES 


Balancing policies - Supply parameters - 


These policies are used for each 


category. 
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YES 



Are there supply stock 
alternatives in memory? 



Read the variations of 
the teacher supply stock 
for each category NQ 



NQ = 1 



NO 



Print out the 
remaining ivrWalances 
for ^^aci^ ' ry NQ 



Does tivir unbalance belong 
to the -acceptance interval? 





NO 


Try one of the 
strategies 


two possible 




Print out the unbalance 



Print out the likely . 
resulting unbalance and 
the interval which 
contains it 



NO 



< 



Have all categories been processed 



.fES 



Go to next category 



_1 

END ^ ! 
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Appendix 5 



A BRITISH CASE STUDY 



As mentioned in the main text, our study deals with 
the raising of the school-leaving age from 15 to l6. 
Different policy alternatives for the time schedule for 
the introduction of this reform have been investigated, 
i.e. three different starting years, alternative 2 (= 1970), 
3 (= 1971) and 4 (= 1972), have been combined with three 
different, introduction rates. A, B and C. 

The study covers Enpjland and Wales, and includes primary, 
schools (treated as one branch") and secondary schools, which 
are split into six different "branches". The university 
level, teacher-training colleges^ special institutions (for 
instance for handicapped children) and nursery schools are 
not included. 

Structural description and general input data 

The simulated part of the school system is divided into 
three levels. The first -level comprises primary school; the* 
second level, the first four forms of seconda,ry school; the 
third level, the last three forms of secondary school. 

The school year 1966/67 has been chosen as the base year, 
i.e. the starting year of the simulation, as it was the most 
recent year for which sufficient statistics were available. 
Figure 1 illustrates how the structure of the school system 
has been described, i.e. the partition into levels, branches 
and units, and also gives, for each^unit, the pupil stock for 
the base year. Some explanatory comments on the chosen 
structure are n.epessary. 

First, comprehensive schools are not shown as a separate 
group; pupil stocks in these schools have therefore been 
distributed between maintained secondary modern schools and 
maintained grammar and technical schools, in proportion to 
the present school population in these two latter types of 
school. The main reason for this distribution was to avoid 
the incidence of the changing structure of secondary education. 
This change seems to be mainly of an organisational nature, 
where different pupil categories are going to be taught together 
in one type of school (comprehensive school) rather than in 
different types, such as modern and grammar schools. As the 
composition of the teacher stock (graduate - non-graduate 
teachers) is very different in modern and grammar schools, 
this way of redistributing the pupil stock in comprehensive 
schools could produce more or less biased projections for 
teacher requirements, if our assumption of proportionality 
deviated jubs tantially from reality. 
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Secondly, it will be noticed that more than one unit 
is needed to simulate the first class of primary school and 
that the base year stock for this class is relatively high. 

Primary school comprises six classes. According to the 
present rules? a child has to be five years old before he 
Starts in the first class. Within the school year, there are 
1-b-ee points in time at which a child can enter school; the 
beeinning of September, the beginning of January, and the 
beginning of April. We have assumed that those who start in 
September in year t were born between 2nd April in year t-^ 
and 1st September in year t-5; those who start in January in 
year t+1, between 2nd September in year t-5 and 1st January 
in year t-4: and those who start in April in year t+1, 
between 2nd January in year t-4 and 1st April in year t-4. 

S^nce it is only possible to go from one class to the next 
at one'point in time, this implies that the number of first 
class pupils in primary schools increases over the school 
Jear, ?eachin.^ its peak in the last term. These rules imply 
that those who start in January and April will have to spend 
more than six years in primary school This explains the 
relatively large base year stock in the first class of Primary 
school', and why we need more than one unit to simulate this 
class. A graph showing the pupil flow from the first to the 
second class will be useful (see Figure 2). 

-The base ^year stocks .given in Pigure,_,l ._are estimates 

The available statistics do not give stocks by class, but 
only total school population in each type ^'JJ-t.!- 5 

the age distribution of the pupils by type of school ^Table t> 

in ref. l). 

This information was the basis for our estimation of the 
distribution of pupils by class or year in ^".f ^ 

^.^^„„„nt kinds of schools. Since the age of pupils is 
essentfSl S"our problem, it would have been easier to operate 
with age groups rather than years in school. This, however, 
was not possible, as available teacher and class size data 
relate to years in school and not to age groups of pupils. 

In our estimates of pupil stocks in different classes 
or years in school, we assume that- the births are evenly 
dLSibuteS throughout the year. This together with a strict 
application of the rule that a child cannot start school before, 
he is ?iie years old and the assumption that no one repeats 
Spring compulsory schooling, enables us to estimate P^Pil 
stocks in all classes or years in ^chool^up to (and including; 
the fourth class of secondary school. Pupil stocks in the 
sixth and seventh year are given in Table 9 of ref. 1. ^a^H 
TtSks in the fifth year are then rest determined If the 
assumptions made in converting from age S^-oups to J^^^^^- 
correct, then the fourth year of secondary school is the last 
compulsory year. 
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Our assumptions in conjunction with the present rules 
imply that a pupil is allowed to leave school (fourth year 
of secondary) either in April or at the end of the school 
year, depending on his date of birth. We assume, however, 
that all leavers leave at the end of the school year. The 
rise in school-leaving age then implies that the fifth year 
of secondary school becomes compulsory. 

In the study, migrations have not been taken into 
consideration, and it is assumed that all entrants to the 
t^ystem go through the first class of primary school. 

For enrolment figures, see Table 1. 

Concerning the transition coefficients, we first 
estimated pupil stocks by class in school years 1965/66 
(Table 5, ref . 2), and 1966/67 in the way described above. 
The stocks arrived at in this manner constituted the basis 
for our estimation of the transition coefficients. It is 
assumed that no-one drops out, leaves or repeats in the 
compulsory part of the system. 

For the three upper forms or years in secondary school, 
no attempt has been made to distinguish between drop-outs 
and leavers. Everybody who leaves or drops out is assumed 
to leave at the end of the school year. 

_ Transit i cqef fic lent s change qv 

because of the tendency towards ystaying^ 'o^^ Tonger at school . 
Information concerning the trends, in transition coefficients 
(Table 7, ref. l) is presented in Table 2. 

Input data concerning teachers 

The proper method for projecting teacher requirements 
would, of course, be to establish the connection between 
subjects and the kind of teachers that should ideally be 
teaching them. Although this is fully possible Within the 
framework of SOM, we do not distinguish between, different 
subjects, but treat all subjects taken in a given class as 
one subject. 

Neither was any attempt made to establish the ideal 
relationship between type of teacher and type of subject. 
In our study, we only distinguished between graduate and 
non-graduate teachers, and assumed that the existing 
proportion between these two categories will remain unchanged. 

For primary schools, however, data were available only for 
the proportion of graduate and non-graduate teachers and for all 
years together, and not for each separate year. Even if this 
composition of the teacher stock within primary school as a 
whole is considered desirable, our assumption implies that our 
teacher requirement projections for the two teacher categories 
taken separately may be more or less- biased, as the requirements 
may depend on the distribution of pupils among different units, 
and this distribution varies over time. 
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"Teaching obligations", x (number of periods taught per 3 
week) were estimated on the basis of the pupil/teacher ratio, — 
and average class size, ACS, as given in Table 1, ref . 1. 

S Dur ation of school week (periods) 

X = -T" — ; A^S 

Dur^ation of school week was set arbitrarily at 30 periods, ' 
producing "teaching obligations" of 26.8 periods per week. It 
should be noted that the somewhat arbitrary setting of duration 
of school week is of no importance to the results, since it is 
only the ratio Duration of school week that matters, but they 

Teaching obligations 

are read separately as inputs. 

The same procedure could have been followed for all secondary 
schools,' but hery information on teaching obligations was avail - 
^ible ^Tables 3 and 9, ref. 3). This information was given in 

=nutes, but by assuming that the average period was 40 minutes, 
these data were converted to average teaching obligations per 
teacher (See column 5, Table 3). The number of weekly 
neriods supervised by a teacher was set at 37.5 m lower 
secondary school, and 30 in higher secondary school. Teaching 
. obligations were assumed to be the same for graduate and non- 
graduate teachers within a given type of school. 

However, calculations based on these assumptions gave a 
considerably -larger- number---of.- required secondary sGl^pgl^^^^^^^ 
5n Se base year than the existing stock. This difference was 
assumed to be due mainly to statistical uncertainties and local 
variations in weekly periods and weekly teaching obligations^ 
The data were therefore adjusted (see numbers in brackets, \ 
Table 3) so that the difference in the calculated and actual 
teacher stock in the base year was eliminated. 

It should be stressed that estimates of the distribution 
of teachers among graduates and non-graduates only reflect the 
teaching situation in the base year, and need not be considered 
afoptSal. If the situation in 1966/67 was a "disequilibrium 
situation, we will run, of course, the-risk of projecting a 
disequilibrium situation into the future. 

Input data for space requirements 

Information on space requirements and construction costs 
was obtained from the Architects and Building Branch of the 
Sepa^tmSrof Education and Science in London. This information 
was not given in a form completely suitable for our purpose. 
The number of square feet per pupil (minimum standards; is__ 
dependent upon the size of the school, square feet per pupil 
being a decreasing function of school size. To avoid this 
difficulty, it was assumed that new schools will, on average, 
be of the same size as the average school in the old school 
DODUlation (Table 4, ref. l). These estimates are given in 
column 6, Table 3- Information on building costs was given as 
costSer pupil place. Using the estimated number of square 
feet per pupil, we can convert into cost per square foot. (See 
Table 3- ) " ■ ; 
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I Calculated results 



For detailed results referring to category of school , 
or even a given year v/i thin a school, the reader is referred 
to the computer outprintSe 

: The computer outprints contain the following tables 
printed out for each year: 

(lO' Pupil stocks by level and oinit. 

(2) ;Total number of teachers needed by level and unit • 

(5) iTotal teaching accommodation (area) needed by 
level and unit . 

(A:) Required investments in area in comparison with 
the base year. 

(5) Capital cost. 

(5) Total number of teachers needed by category and 
level. 



In the computer outprints, the notation "block" is used^ 
Levels 2 and 5 iiave been divided into 5 blocks each* The 
blocks consist of the following. 



Level 2 i 
Block 1: 

Block 2: 

Block 5: 
Block 4 : 
Block 5 : 

Level 3 
Block 1: 

Block 2: 

Block 5 : 
Block %: 

Block, 5: 



The first four forms of maintained secondary modem 
schools . . 

The first four forms of maintained grammar . and 
technical schools. ■ 

The first; four forms of ; all other maintained 
secondary schools. 

The first four forms of direct : grant schools 
(grammar-upper). 

The first four : forms of : independent schools 
recognised as : efficient and other independent 
secondary schools . 



The last three forms of maintained secondary modem 
schools* 

The last three forms of maintained grammar and 
technical schools. 

The last three forms of all other maintained 
secondary schools. 

The last three -forms of direct grant schools 
(grammar-upper). ,. 

The last three ;forms of independent schools 
recognised as efficient and other Independent 
secondary schools. I 
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each block, the computer outprints contain the following ,. ; 
^^^ormation. 

(1) Additional square feet needed. 

(2) Additional number of rooms needed. 
(5*) Monetary area investments. 

It is, of course, quite impossible to comment on all 

*-^^se results. We shall therefore confine oxirselves to 
most important ones. 

j^ij^fitgcks 

The projections are given in Tables 4 and 5 for primary 
se-^ondary schools respectively. The results are given : 
all secondary schools taken together. These projections. 

of course, more reliable than the ones relating to type . 
School- 

A few comments on Table 5 might be useful. 

The first two colmns are included only for reference, 
^^luinn 1* shows ho^v student stocks might be expected to 
^^^elop "^i^ere were no rise in school-leaving, age and no 
^^^^iency covrards staying on longer : at school. : Column 1 shows : ■ 
^"^^ expected development if no rise takes place: and if the: 
^^^^iency "to stay on longer in school increases according to 
"^^^ rates given in Table 2. By comparing any of the other 
^^l^mns with these two, one can easily see how much of the; 
^^^ference: in pupil stocks between two points In time is due 
the tendency towards, staying on longer: in school , and how 
^^ch is (i^e to the rise in school-leaving age. 

To Si^e a better picture of how the results vary with , 
dntual point in time at which the rise; is carried through, , 
^ graih might be useful. We compare 1,1 S 2A, 3A, 4A and^4A*.:: 
^ Will be remembered, the A alternatives are those where the 
^i^e is carried out in one step. Pupils who have been "forced i 

the reform to stay on one year longer have been assumed to _ 
^^opt the continuation pattern of those who stay ed ; on voluntarily 
*° the age of 16 before the reform. ' The influence on the; ; 
^^^Ults of this assumption can be seen by comparing cases 4A y: - 

4A*. is identical to 4Ay except that it is based ion ; : 

"^^^ assUJDPtion that : those who have been! forced to: stay on one;: ; : 
year longer leave school immediately after this year. 

Given that the school leaving age is going to be raised,; :: 
^''^ is clear from both: Table :5 and Figure A, that it is only , 

some intermediate years that pupil stocks will vary between 
"^^^ different policy alternatives C as long as the assumption , ; 

to pupil behaviour is the same). It can be seen i from the - 
^^eure"^that the curves ;2A, 3A and 4A will meet in the school: . .. 

'r ^''...'^ '''m''.''^^^'^^' ^■•••■'.f'^- :.;;-::.;::::::y\b;::::v:^::-::.:-:; 
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Fiff. A: Development of student stocks in secondary 
school according to the alternatives 1 , 1 ' , 2A, 3A, 4A and 4A* . 



nt stock 
D thousands 




:67/68 68/69 69/70 70/71 71/72 72/73 



Jyear 



73/74 74/75 75/76 
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Curve 1 is tiie projected development with, no rise in . 
compulsory schooling nor any other policy changes influencing / 
•or esent trends. : However,: the diifference between curves 1 and 
2A, 5A or cannot be wholly accounted for by the pupils 
forced to stay at school. This is so because, during the.: 
year they are forced to stay at school, they have been 
assumed to adopt the continuation pattern of those who stayed 
on voluntarily ; ; this nieans that ; some of those who, originally, 
were forced to stay on, later have : been assumed to go on 
volTznt arily . In the first year aft er the ris e , however ,1: 
the discrepancy between curve 1 and the A curves can be 
accoimted for by the pupils forced to stay on. 

In Tthe case of curve 4A* , :tiie whole difference between; r 
this curve and curve 1 should be interpreted in this way. J i 

We now turn to the case where the school-leaving age \ 
starts increasing at the same point in time, but with a ; 
choice as to whether it should be increased in one, two 
or three steps. The results for pupil stocks can be seen 
in Table 5. A graph might again be useful here. We now 
concentrate on alternative '5, where the school-leaving age. 
starts increasing between school year 1970/71 and 1971/72* 
(See Figure B. ) 

This figure refers only to pupil stocks in the three: ; 
higher forms of secondary, while Figure A referred to ^ 
secondary school as a whole. Only the pupil stocks in 
these three forms are influenced by the decision, and it 
: is also only these forms that undergo changes due to trends 
in transition coefficients 

This graph seems to give a good explanation of the 
original desire to raise the school-leaving age in 1970. 
.This can be seen from curve 1 ' , which has a minimum in . 
1970/71 . On the other hand ' Figure A (relating to ^ 
secondary schools as a whole) does not show such a minimum. 
This is due to the fact that the increase in pupil stocks 
in the first four forms of secondary schools more than : 
outweighs the decrease in the three upper forms .: If trends 
in transition coefficients are taken into account (see 
curve 1 ) , such a minimum does not appear, for the three 
upper forms either. 

Hitherto , we: b^ve concentrated only on what might be 
expected to happen to pupil stocks as a consequence of the 
raising of school-leaving age. We have seen that, regardless 
of when and how (within the limits of our alternatives 2, 5 : 
and 4) the rise is carried through, the stock of pupils in 
the simulated part of the school system will be the same ,in . 
1975/76. The longer the rise is postponed the more the 
steps in which it is to be carried through, the greater the/ :; 
number of pupils receiving less education. The obvious 
conclusion is , therefore, that the stronger the wish of ; 
decision makers to speed up the pace of educational development 
the sooner the rise should be carried through and in as few : 
steps as possible. But, due attention must, of course, be paid 
to the possibilities of providing enough teachers and teaching 
accommodation. 
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_B' Development of student stocks in the three 
upper years of secondary school . 





Teacher requirements ;. ..■ 

The calculated results for teacher requirements are' / 
presented in Tables' 6, 7 and 8. Table 6 relates to 
teacher requirements within the simulated system as a 
whole, Table 7 relates to teacher stocks in primary and: 
the first four forms of secondary school, and Table 8 :.; : 
irelates to teacher stocks in the last three f^^ 

'secondary .;. school.; ■ : i'v',':: 

It is easily seen from Table 6 that, in the end^ J-^ ..u'-i 
(year 1975/76) , the required teacher stock will be "blie - ; - 

ame irrespective of when the change is carried through-. : ;- : : 
The different policy alternatives only imply different 
ways of building up these stocks. 

The same applies to the results in Table 8, except 
that alternative 4C shows slightly lower "teacher require- ; ; 
ments" in 1975/76 than the other alternatives; this is , ; 
because the full effect of the rise in this; case is reached; 
in '1976/77. ' : ■ , |: 

The reason for the different growth rates of graduate 
and non-graduate teachers (Table 5) is, of course, that 
different parts of the system with different teacher mixes : , 
in the base year do not move a pace. ■ 

Table 5 shows that the need for non-graduate teachers 

increases considerably in the year the school-leaving age i ■ 

is raised. This is due to the fact that most of the 
increased teaching load caused by the rise m the school- 
leaving age falls on the fifth form of modem schools : 
where, according to Table 3, 81.3% of the teachers are 
non-graduates . 

There is a general uncertainty about the absolute values ;. 
of the projected mmber of teachers, due to the uncertainty , 
(cf . p. 97) of the input data (weekly periods and weekly _ ; : 
teaching obligations) that determine the pupil/teacher ratio. 
This uncertainty affects, however, the different alternatives :; 
in a similar way, and should not, therefore, directly 
influence the comparison between them. , , 

The increase in teacher requirements caused by the reform 
is probably biased somewhat upwards. As can be seen from 
Table 3, Class sizes are remarkably low in: the three upper , 
forms of secondary (they are assumed to beimchanged during 
the simulation period). ; This applies: especially to modern 
schools (units 7; 8 and 19; in the thii^d level), on_which 
most of the burden of the rise will fall. A possible explana- 
tion is that classes are riot put together, even when the class 
size diminishes considerably, and/or; that schools are too^ small 
to bp able to take advantage of such an amalgamation. ihe 
•under-utilisation of resources implied by these low class sizes : 
: will diminish automatically when the school-leaving age iS !; raised. 



Investments 



:Lastly> let us look at the "investment requirements" 
/In school buildings according to the different alternatives 
The investments are defined here as the increase in capital i 
cost for : space requirements from one. year to the next. The 
"investment requirements" are : given for the whole -simulated 
system and, at each level, for each year of the simulation ; 
period (see Table 9 ) • ' 

As can be seen, the total investments necessary over 
the whole simulation period are the same for the policy : - 
alternatives 2A/ 2B,: 2C5 3A, 3B arid and slightly smaller'. 

. for 3C, :4B and 4C. : ; This is because the full effect of the i. 
rise in the three last-mention'ed cases does riot appear within . 
the range 6t the simulation: period. Vlf the simulation period 
had been extended by two years, the total Investments over 
the whole period would have been the same for all alternatives. 
It: is thus only the distribution of; the Investments over the 
years that varies with the different alternatives • 

The policy alternative 3 is illustrated in Figure C . 

: The curves for alternatives 2 and 4 will ;be similar, 
except for a one-year negative and positive time lag 
respectively. Alternative 3^ will require an Increase in \ 
Investment in 1970 of about 140^ in comparison with 1I969. 

Curve :1 is included only for reference. This curve 
shows the interesting and riot -auite evident result that 
raising the ; school--l eavlrig age ^^^^^^^^^ riigrier Irivestmerits 

"today and lower "tomorrow" in cc,i:paris6n with the reference 
alternative 1 (where the: schbol-leavlrig age is not raised). 

Columns 1 and 2 in Table 9 shovj; respectively the slowing 
down of the increase in primary school ;population ajid the : :: 
speeding up of the increase in the first four forms of 
:".econdary . for. the simulation period. 

The assumption that new schools will, on the average, be 
of the same size. as the old ones is ; perhaps not Justified . 
For instance, the gradual iintroductioh; of comprehensive schools 
points in the direction of larger schools. This means that 
our calculated investment requirements may be too high. But 
this only applies to : the absolute value of investments, and /riot 
to the relation between different policy alternatives. 

Conclusions 

■Since the decision to raise the: school-leaving age: is .: 
already an accomplished fact, ;one wants, of course, to put it 
into effect as soon as | possible. / But "'the iritroduction of the 
reform will require more teachers and more secondary school 



Fig, C : Required yearly investments in primary and 
secondary school « (Mill poimds) , 





capacity. Postponing the start of the reform will not/ ; : 
however, facilitate its implementation, as the yearly .; ; 

increase in resource requirements caused by the reform ■ 
will not diminish. Alternative 2 (start of the reform in • 
1970) thus seems to be ; the preferable one. An introduction 
of the reform in several steps makes the change in resource 
requirements smoother/ which per se is desirable/ unless 
there should happen to be idle capacity in teacher training 
institutions etnd in the construction branch. Too many ; 
steps, on the other hand, will delay the completion of the 
reform, which ;Would be: against the intention of giving more " 
young people more education as soon' as possible.: Without 
a precise criterion of choice, no definite solution can oe 
given, but as a compromise between the original intentions 
behind the reform and the desire to avoid too severe imple- /; 
;■; mentation difficulties, two or three steps can be recommended. 
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' PIC. 1 

THE STRUCTURE OF THE SIWUTED PART 



OP THE SCHOOL SYSTEM 111 



: PrliTArj school (2) 



Unit no. ; : 

Nte.rif'unU: ■ ' 
bm year uttick 



I9t year 



7^,000 



9 



?nd year Snl year 



11 

4th year 
70? ,400 



■■■ 1? ;■: 
5th year 
682,900 



15(1) . 
6th year 



^' level 1 



, (1) Notice that the last unltfl In levels 1 and 2 have got lno unit numbers, 
,: for expUnatlon see the itiodel (Jescrlptlon, ; . : 
;,;(?) Priory school Includes, both maintained and private schools, all a^e ■ 
■■ ' schools are also Included here, , ; 



H&lntained Secondary Modem Schoola 



I 


■■ 2 


5' .. 


; :«! 


21(1) , 


T , 


8 


19 


2 


Ist year 


?ad year 


)rd year 


year 


5th jear 


6th year 


7th year 


y 


^12,220 


'"illpBoo 


406,600 


387,300, 


,122,200 


5,400. 


1,600 


, Malntaiied: grammar - and technical Bchools 


1 


5 




7 


22(2) 


9 


, 10 ; 


20 . 


2 


1st year 


2nd year 


3rd year 


Hh year 


5th year 


6th year 


7th year 


3 


I'fTi'fOO 


U7,^00 


14BJ00 


145,900; 


145,400 , 


89,000 ■ 


77,900 



All Other inalntalned secondary schools 



1 


■ 8 


5 


10, : 


23(3) 




12 


21 ■ . 




2 


Ist year 


2nd year 


Srd year 


4th year 


5th year 


6th year 


7th year 


1 


} 


43,600 


42,900 


43,100 


41,900' 


22,000 


5,000 


3,000 : 


0 

AO 



Other independent secondary achools 



1 


11 


12 


13 


24{4) 


13 


14' : 


22 


2, 


iBt year 


2nd year 


)rd year 


4th year 


5th year 


6th year 


7th year 


3 


: 5,600 


5,800 


6,400 , 


: : 6,400 


• 4,900 


2,600 


1,400 


Direct grant Bchools (Craiiiflap - Upper) ■ 


1 


14 


,15 : : 


16 


: 25(5) : 


15 


,16 .; ; 


23 


2 


Ist year 


2nd year; 


3rd year 


4th year 


5th year 


6th year 


7th year 


J 


16,100 


15,400 


15,500 


15,400 


13,000 


11,600 


12,100 


Independent achools recognised aa efficient 


1 


17 


18 


.. 19 ■ 


26(6): 


17 




24 : 


2 


Ist year 


2nd year 


3rd year 


4th year 


5th year 


6th year 


7th year 


3' 


21,300 


24,200 


29,200 


30,000 


27,800 ; 


19,100 


18,000 



Level 2 



Level} 




Plsure 2! • PLOW OF PUPILS FEOM Ist TO M iM 
- QP PRIMARY -SCHOOL - : ; 



Children born 2' April ; 
(t-5) ■ 1 September (t-5) 



1; September 
year t : . 



Children born 2 September 
(t-5) - 1 January (t4) 



i; January 
year (t+l): 




Children born 2 Januan 
(t-if) ;- l April {t4r 



year (t+l): 



i 



Duration i; year 
: Unit li:- 



l September 
year (t+l) 



± 



Duration 8 months 
■ Unit 2: V 



1 September 
year (t+l) 



1 September 
year (t+2) 



— — --► 



Duration 1 year 
Units 6,7,8 



i 



Duration 5 months 

, ■ Unit: 3 V. v 



1 Septemb^j. 



year (t+i) Ul^s^ 







■ Duration 1: year 




Duration 1 year 


- Unit 4:: 




. '- Unit 5 . 



1 September 
year (t+2),;; 



ggcond 



v'li;,^ In our computations units^ (2) and (3) were treated as if they took; a whole year; that me^w. 
llw^ that the teacher and space requirements arrived at refer to the peak term of the school y^^^ 



■ \6 -A.'- 



- Ill " 



TABLE 1 



ENROLLMENT FIGURES (l) 



■ YEAR 

67/68 
■68/69 
169/70 
i70/71 
71/72 
72/73 
73/7^ 
7V75 
75/76 



819100 
845500 
848300 
835400 
821200 
813900 
834000 
853000 
869700 



The figures are estimated on the basis of Information 
given In /i7, table 41. 

Of these numbers a fraction 0.4170 were assumed to 
enroll In unit (l), 0.3330 in unit (2), and 0.2500 In 
unit (3). (See figure 2). 
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TABLE 2 



YEARLY INCREASE IN TRANSITION 
COEFFICIENTS IN PER CENT (LEVEL 3) 



TRANSITION 
COEFFICIENT 

(1.7) 
(2.9) 
(3.11) 
■ (4.13) 
(5.15) 
(6.17) 

(7.8) 
(9.10) 
(11.12); 
(13.1't): 
(15.16) 
(17.18) 

(8.19) 
(10.2C) 
(12.21) 
(14.22) 
(16.23) 
(18.24) 



(1) 



YEARLY INCREASE 

4'?^ 
ill 
2i 
1% 

1-^ 

2'^v 
2^^ 
2% 
2^ 

1-i 

1< 

1% 
1^ 

: .1^ 

1^ 



EXPLANATORY NOTES 

These transition coefficients 
refer to the transfer from 
the 4th year to the 5th year 
of secondary school. 



Transfer from 5th year to 
6th year 



Transfer from 6th year to 
7th year 



(^^The transition coefficient (ij) describes the proportion of students in unit i 
year (t - 1) who are in unit i next year. For an explanation of unit number 
see ''Fig., 1> 




■ TABLE 3 
RESOURCE DATA ^^"^ 



^5- 



^12 



2 

5 
4 

5 
6 
7 
8 

9 
10 

11 
12 
15 
l"* 

l6 

19 
21 

2^. 
23 

26 



„ 7 

: 8 

JO; 
J2 

.J> 

20: 

21 

2f 
2^^ 



Periods 
per 
week 



50 



37.5 



37.5 



Average 
class 
size 



,t of 
teachers 
who were 
non- 
graduates 



> of 
teachers 
who were 
graduates 



Number of 
periods 

lecturing 
per 
teacher 



32.7 



26.2 
25.8 
24.5 

27.9 
27.9 
26.0 

27.5 
27.5 
27.5 
26.5 
26.0 
23.1 
26.5 
26.5 
26.5 
26.5 
26.0 
23.1 
22.5 
23.2 
22.5 

19.9 
23.2 

19.9 



14.1 
8.7; 
21.7 
10.9 

17.7 
10.4 
19.2 
11.2 
21.7 
10.9 
19.2 
11.2 
8.7 
9.6 
9.1 

10.1 : 
9.6 
10.1 



Level :i (Primary school) 



100 ■ 


0 










26.8 




52.1 


57.9 








Level 2 






• 

82 .5 


17.7 


20.1 


27.9) 




15.6 


20.1 


(27.9) 


Of- « 

85.2 


14.8 


20.1 


27.9) 






19.2 


c:D.7i 


50.0 


70.0 


19.2 


(26.7) 


27.1 


72.9 


19.2 


26.7) 


71.0; 


29.0 


19.7 


27.4) 


71.2' 


28.8 


19.7 


27.4) 


70.4 


29.6 


19.7 


27.4) 


58.4 


61.6 


11.5 


16.0) 


56.4 


63.6 


11.5 


16.0) 


27.6 


72.4 


11,5 


16.0 ) 




65.6 


18.6 


25.9) 


50.0 


70.0 


18.6 


?5.9) 


27.1 


72.9 


18.6 1 


25.9 


58.4 


61.6 


11.5 ( 


16.0) 


56.4 


63.6 


11.5 ! 


16.0) 


27.6 


72.4 


11.5 ( 


16.0 


84.6 


15.4 


20.1 ( 


27.9 


2;-'. 5 


77.7 


19.2 


26.7) 


68.9 


31.1 


19.7 ( 


27.4) 


21.7 


78.5 


11.5 


16.0) 


22.5 


77.7 


18.6 


25.9) 


21.7 


78.5 


11.5 ( 


16.0) 



Level ' 3 



81.5 


18;T 


20.1 


27.9) 


71 .2 


28.8 


20.1 


(27.9) 


20.9 


79.1 


19.2 


26.7) 


13.3 


86.7 


19.2 


26.7) 


53.7 


46.5 


19.7 


27.4 


24.4 


75.6 


19.7 


27.4) 


20.1 : 


79.9 


11.5 


[16.0) 


12.3. 


87.7 


11.5 


;i6.0) 


20.9 


79.1 


18.6 


25.9 


13.3 


86.7 


18.6 


25.9) 


20.1 ■ 


79.9 


.11.5 ( 


16.0) 


12.3 


87.7 


11.5 1 


16.0) 


50.2 


; 49.8 


20.1 ( 


27.9) 


11.0 


: 89.0 : 


19.2 


26.7) 


12.6 


87.4: . 


19.7 


27.4) 


8.4 


91.6 . 


11.5 


16.0) 


11.0 


89.6 


18.6 


25.9) 


8.4; 


91.6 


11.5 ( 


16.0) 



Area per 
student 
sq . ft 



Cost per 
sq . ft . 



23.6 



£8.7 



48 



£7.7 



50 



£7-4 



(l) The correspondence between unit number and type of : school and class is 
given In Figure 1 . ; : 



TABLE , 

PUPIL STOCK PROJECTIONS FOR PRIMARY SCHOOL ( IN THOUSANDS )_ 

YEAR STOCK OF PUPILS 

67/68 ^^862 

68/69 5040 

69/70 5183 

70/71 5302 

71/72 5381 

72/73 51^32 

j-^/jk . : 5^66 

7V75 5't91 

75/76 5517 
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PROJECTIONS FOR STUDENT STOCKS' IN SECONDARY ^ SCHOOL ACCORDING 



TO THE DIFFERENT ALTERNATIVES (FIGURES IN THOUSANDS l ^"^^ 















.'ALTERNATIVES 












■ffiAR 




















































• 1'' 






' 2B 


; :2c 


■;3A-;^ 


;.5b: 


:;3C/;; 




-My'. 


■;';i(c;'; 


;:;';i(A*;;- ■ 






(l':9) 


(1.9) 


^ 517^ 
(1.9) 


: 517^ 

■ tl.9) 


517^1 : 

, (1.9). 


::5i7'i 

(1.9) 


. 5m : 
11.9) 


5,m 

(1.9) 


(1.9) 


,;3i7'^:^ 
(1.9) 


517'*: 


■ 68/69' 


;208 


3255 

(2.6) 


5255' 

(2.6); 


3255^ 
(2.6) 


: 3235 

(2.6): 


5255 
(2.6), 


5255, 
(2.6) 


5255 

(2.6): 


3235;: 
;(2.6) 


; 5255 

:, (2.6) 


5255' ^ 

;:(2.6)' 


5255 




5258 


5518 : 
(5.1) 


.:5518 ^ 
(10.7): 


3518 

(6.6): 


3318: 
:(5.2) 


5518 
(5.1) 


:5518 
:(5.1) 


: 5518, 
(5.1) 


3518 : : 
(3.1) 


. 5518 ; 
(5.1) 


. 5318' : 

5.1) ■ 


::3518:: 


, To/n, 


'5325 


5^21,. 
(5.7) 


3671:^^ 


,5557::: 




3^21: 

(10.6): 


3't21 
(6.9): 


::(5.5): 


(5.7); 


' 5'^21' 
(5.7) 


M 
(3.7) 


:^:;'y3i(2Lp:, 


71/T2 


31112 




582a 


3803:':' 




:578V: 


5657: 


:56ii:' 


m ^ 

,(10.3) 


55'^9 
(6.8) 


(5.7) 


: 35'J9 : 


■■ ,72/75 ■ 


■ 3508 


: 5692:: 


: 5982 ;; 


3969; 




: 3961 


5956; 




3916 


: 3792 


:575i:,;' 


; 3916 


; :75/7l;. 


, M 


5856:- 


,'H35;: 






111311- 


' '♦122 ■ 




:iii3' 


4086 


;5991:: 


: 1(066 .: 


7V75 ' 


5751 




.11297;, 


1(297 ■ 


1(296'; 


:3297: : 


■1(296: 




1(296 




■1(259:; 


::'f215 ■: 


75/76 


. 5875 




,1^1160'^^^ 


,W6o 




:iii6o 


;:1(1(60 


;. 1(1(59 






i|i(i(9r:; 


: ^575 :v 



(1) Numbers in brackets express ' the percentage , increase from one year to "the next. 



: TABLE 6 

THH^ DSVELOPWENT OF TEACHER STOCKS IN THE ' SYSTEM' iSi WHOLE 
: : UNDER THE BE ALTERNATIVES. 2A r3A , k : J ■ 



ALTEMIVES , , ■ .' 


YEAR 


I;, 


• 2A ,:, 








Non grad 


Grad 


Total : 


Non, grad 


,:Grad; 


Total ,. 


Non grad 


■::Grad: 


• Total: : 


66/67 


26I15 ^ 


95? 


: :3597,: ; 


:''2ll5:'':' 


',952 ? 


;: :: :3597 ; 


■: 2615^' ■; 


::^^:952:. 

:(o.3) 


':3597 


67/68' 


(2.1) : 


(0.3) 


;,:;3656:':^: 


: ::(2.1) : : 


■(0.3) 


: :(2.l) .: 


2701. : 


955 : 


2701 •^:: 


:,955:^:: 




2701 : 


:,:,955^ 




68/69' 


mr : 


(1.3) 




',(3.5) : : 


(1.3): 


: (3.5) : 


: :(1.3): 


2795 , : 


967 


■:;37wy:: 


: :2795,;; 


.967: 


;':;:57i6''' 


: , 2795 ' : 


■:967; 

::;(2.1). 




■ 69/70, 


(2.3) 


(2.1) : 




:(2.3)/:: 


(2.1) 




::(2:.3). 


2860 ; 


987: : 




:2860M 


::987^ 


^3817' 


'^ : 2860 ': 


■ :987 


::3817 : 


70/71 


(8.0)- 


(7.2) 




i(2.8)?: 


(3.0) 


:^^^(2;.8) 


■(3.0) 


3090 


1058 


;2939, H : 


1017 


; 3956, 


:'■ 2939 


^ 1017: 


'3956 


71/72 


(3.1): 


(5.2) 




(7.3) V 


(7.5) 


: : (2.6) , 


^ (3.6) 


3185 


■1113 


■ 11298;: 


:3153:,^:.v 


1093 


1216;: 


^ 3011 ' 


IO5I : 


1C68 


; 72/73 




{5M 




, :(3.2)v 


:(5.7) 




(6.7) 


(8.0). 




3261 


1173 


:ii't3'}'::; 


3253 : 


1155 




: :3217 


1138' 


1355 : 


■ 7)/7^ 


(2.1) 


m 


: (2.3): r 


(5.1) ■ 




. (3.2) 


;(6.2) 


3328 : 






. .3328 


1217 ' 


: /,i}5l5: 


; 3320 


,1209 


1529 I 


7V75 


(2.0) 




(2.0) : 


(5.5) 


: (2.3) 


:(6.l) 




3396 


m 


:f68o:'; 


3396 


128I 


, :i680; 




•1283 


,1679, 


75/76 


(2.3): 


(1.0): 




(2.3) 


(1.0) 




(2.3) 


(1.1) 


3^73 : ■ 


1355 


,1808 


■ :3173:: 


1335 


:::1808: 


3173 


1335 


;^808 



.(l) Number in brackets gives „ the percentage average change from one year to :the next, 





V Primary school 
(level 1) 


: Secondary school 
(level 2) 




1 

•Year 


; Non, grad 


Grad 


Total 


Non erad 


Grad 


Total 


, Total ' 
non grad 


Total ■ 
grad 


66/67 


■ 1536 


79 


. 1615 ■ 


958 


I92 


1150 


2^9'^ 


571 


67/68 


1589 


81 


1670 


961 


^98 




2553 


579 


68/69 


I6il3 


83^ 


1726 


986 


503 


1^73 


2629 


586 






83 


177^ 


986 


512 


W98 


2677 


595, 


:70/7l 


':,:'i73o 


85 


1815 


1009 


-526 


1535 


2739 


, 611 


71/72 


m 


89 


181^3 


1038 


5W 


1582 


■ 2792 


633 


72/73 


1766 




I059 


: 1068 


558 


1626 


2831 


651 


,73/7^ 


1773 


■98 


1871 


1103 


575 


1678 


2876 


673 


7V75 


1780 


99. 


-.1879- ■ ■ 




■ 598 


-m 


■ ■■ 2922 


697 - 


75/76 


1789 ^ 


99 


1888 


118s 


617 


1799 


2971 


716 



(1) , Teacher, requlreMents/in this part of the systeni are not influenced by the decision in 



DEVELOPm OF TEACHER STOCKS IN THE THREE LAST YEARS OF SECONDARY SCHn nj 
■■, : : , , lln hundreds] ""*" . ■ , ,^ 







: ALTERNATIVES . 










YEAR 

'■■■,) ;H 


2A 


2B' 


, 2c ; 


'5A 


3b; 




4a 


4B ' ; 


4C 


• 

(d 

: U 

■ t£ 
i 

c 

0 
2 


: (fl ' 
. U 


-d' • 

K) 

, ' 

bO 

C 
0 

z 


V 

■(Hi 
U: : 
.:0 


• 

v 

to 
1 

c 

0 

Z,;:;, 


d . 
U : 
CJ 


• 

U 

l,i 

0:: 

■'Z': 


0 . 


T3 

M 
1 

C 

0 

z 


• 

t3, 
. (!) 
U 


« 

d 

u 
1 

c 

0 


• 

(d 

0 


• 

V 

(d 
U 
bO 
1 

C 

0 


1 

u 


Tl 

2 

1 

c 

0 


<A 
U 
t5 


• 

U 
00 
1 

c 

0 

z 


I 

0 


66/67 


151 


:38l; 


151 


581, 


151 


381 


151 


381 


■'i , 

151 


381 


151 


381 


151 


381 


151 


381 


151 




67/68 


Ufi 






576 




^(U 


JlTu 


376 


148 


376 


148 


376 


148 


376 


148 






376^ 




166 


;38l 


166 


381 


166 


381 


166 


381 


166 


381 


166 


381 


166 


381 


166 


381 


166 




69/70; 


185 


392 


183 


;392 


183 


392 


183 


392 


183 


392 


183 


392 ■ 


183 


392, 


I83 


392 


183 




70/71 


351' 


;it^7 


269 






w 


200 


406 


200 


406 


200 


406 


200 


406 


200 


406 


200 


406; 


71/72: 


m 


:Ji8o 


376 


:468 


:317, 


:ifif8 


361 


460 


. 287 


437 


259 


431 


222 


421 


222 


421 


222 


421 


7# 


]\2r 


522; 


1^22:: 


512: 


;ii07 


500 




504 


398 


496 


338 


476 


383 


487. 


309 


467 


284- 


463 


73/74 


152 


556 


1^52 ' 


554 : 


'ISO 


5^5 


% 


55^^ 


4.48 


5^3 


432 


529 


4'i4 


536 


^23 


525 


364 


507 


7V75 


l^74: 


587 




587 


1174 


586 




587 


474,^ 


586 


470 


577 


474 


586 


t69 


57 V 


451 


56^: 


75/76 


502 


619 


502 


619 


502 


619 


502 


619 


502 


619 


502 


619 


502 


i6l9 


502 


619 


498 


6J0 




Table 9 



REOniHED INVESTWENTS BY M 0D FOR THE mE SYSTEM . 
(in mill, pounds) < 



Year 


Prilllary 


4 first 
years of 
secondary 


/;':';/;|'-:,/r::'';;:;' ,;.■■:;;; ::Q..''y- iM^S;Alternatives:;!;'-|' j, ■;''■;;;; v':-'::'''l''i' ' v 


■ 2A , 


2B 


■ ' 2c; 


' 3A' 


3B 


3C 


4A 


4B 


4C 


3 last ' 
years of; 
secondary 


Total 




Total 




Total 




Total 




Total 




Total 




Total 




Total 




Total 


67/68 
68/69 
69/70 
70/71 
71/72 
: 72/73 
, 73/74 
71/75 
75/76 


33.5; 
. 32.9r 

29.4;;' 
.24.3;- 

10.5 
!6.9 

- ■5.2;:' 


10.6 

:;i9.5'' 
^ ;24.5':> 

:;:;3o:9 :,;;;. 

;:28.3'',, 

';35.r: 

'■■':4l.i|;":: 

{■38.1;-;-: 


0 

',:9.0: 


44.1 

52.7 

fin li 


0 

9.0 


44a 

[52,7 

fin ii 


0 

,9.0 

1 1 R 


44.1 
52.7 


0 

9.0 
13.5 


.1 , ■ 

44.1 

';52.7 
'62.4 


0 

9.0 

1 1 Ci 

ii.? 

13.5 


44.1 

52.7 

fin ii 

62.4 


0 

9.0 

iiO 

13,5 


44.1 

52.7 

fin k 

62.4 


0 

9.0 

13.5 
16.3 


44.1 

52.7 

fin li 

62,4 
63.6 


0 

9.0 
ii.5 
13.5 
16.3 


44.1 

52.7 

fin ii 

62.4 
63.6 


0 

9.0 

13.5 
16.3 


44.1 

52.7 

fin ii 

62.4 
63.6 


107.1 


155.9 


56.4 


105.2 


39.5 


i8.4 


25.8 

■ 23.1, 

21.1.; 

18.3: ;;;i 
■22.1;;:;; 


T3.1 
;67.4 

63.7 

;:;64.S 
;65.4 


67.5 
32.5 
25.4 
18.6 
22.2 


114.3 
71.3 
68.0 
65.2 
,65.5 


I7.3 
61.3 
30.1 
22.0 
22.4 


91.6 
100.6 
72.7 
68.5 
65.7 


103.4 


150.7 


56.1 


103.4 


39.3 


86.6 


36.3 
28,4 
18.8 
22.2 


75.7 
71.0 
65.3 
65.5 


74.4 
33.0 
23.1 

22.4 


113.7 
75.6 
69.6 
65.8 


54.2 
61.1 
28.3 
26.1 


93.5 
103.6 
74.8 
69.5 


106.9 


146.2 


61.1 


100.4 


45.7 


85.I: 


37.0 
26.3 

22.5 


79.6 
72.8 
65.8 


73.0 
31.2 
27.2 


ii5i 
77.7 

70.5 


53.0 
57.8 
32.1 


95.6i 
104.3 

75.5 


Total- .; ^;^;;^;' ■^,;: 




647.7 




647.7 




6,47.7 




647.7 


—\ 


647.7 




647.5 




647.7 




647.4 




643.7 



■I 
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